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FOREWORD 

The Aerospace Safety Research and Data Institute (ASRDI) 
was established to support NASA, its contractors, and the 
aerospace community with technical information and consultation 
on safety problems. In the process of gathering, evaluating, and 
applying safety- related information, gaps in the existing safety 
technology are often noted. Where it appears that progress in 
filling such gaps can be made through research, ASRDI may 
undertake or sponsor it. ASRDI also operates a Safety Data Bank 
of technical information which includes computer files of special- 
ized information sources (organizations) and safety specialists. 
Current activities are concentrated in the safety implications 
associated with fire and explosion, cryogenic systems, propel- 
lants and other hazardous materials, structural failure, fragmen- 
tation, and aircraft systems and operations. 


Solomon Weiss, Acting Director 
Aerospace Safety Research and Data Institute 
National Aeronautics and Space Administration 


PRECEDING PAGE BLANK NOT FILMS) 


iii 









OJ 

o 

to 

CD 


CONTENTS 

Page 

FOREWORD ill 

INTRODUCTION vii 

I, CONTAMINANTS AND SOLUBILITY OF ORGANIC 

COMPOUNDS IN OXYGEN 1 

n. REACTION CHARACTERISTICS OF ORGANIC 

COMPOUNDS WITH OXYGEN 03 

IH. SAMPLING AND DETECTION LIMITS OF IMPURITIES 133 

INDEXES 

DESCRIPTOR (KEY WORD). 173 

AUTHOR 180 

REFERENCES 187 


Or> 


ryv 




V> 


P« 


On 


Pr 


a 


hT/yp 





INTRODUCTION 


A part of the NASA Aerospace Safety Research and Data Institute's (ASRDI) 
mission is to compile and store in a computerized system bibliographic citations 
on hazards and safety in various areas related to aerospace activities. One of 
these areas is Cryogenic Fluids Safety. At the present time the computerized 
data bank contains about 6500 bibliographic citations on the subject. 

Each citation in the data bank contains many items of information about the 
document. Some of the items are title, author, abstract, corporate source, 
description of figures pertinent to hazards or safety, key references, and de- 
scriptors (keywords) by which the document can be retrieved. In addition, each 
citation includes an evaluation of the technical contents as to being good/ 
excellent, acceptable or poor. The descriptors used to define the contents of 
the documents and subsequently used in the computerized search operations were 
developed for the Cryogenic Fluid Safety by experts in the cryogenics field. 

This report is a compilation of a number of document citations, from the 
Data Bank as of December 1974, which contain information on contaminants in 
oxygen. A major ASRDI effort has been a review of oxygen safety and a number 
of special publications summarizing the current state of the art have been pub- 
lished. These include Thermophysical Properties (ref. 1), Temperature Mea- 
surements (ref. 2), Flow Measurement Instrumentation (ref. 3), Heat Transfer 
and Fluid Dynamics (ref. 4), Density and Liquid Level (ref. 5), Characteristics 
of Metals that Influence Safety (ref. 6), Cleaning Requirements (ref. 7). and 
Oxygen Systems Engineering Review (ref. 8). Other reports dealing with oxygen 
safety and research Of oxygen systems have also been published (refs. 9 and 10). 

The search of the ASRDI Data Bank for information on contaminants in oxygen 
was initiated after an analysis of liquid remaining after the boil-off of liquid oxygen 
from a long term oxygen storage tank indicated the presence of aromatic hydro- 
carbons. Due to the reactivity characteristics of oxygen and possible sources of 
ignition of contaminants, extensive cleanliness requirements have been utilized 
(ref. 7). The contaminants, recognized as hazards in oxygen, are identified in 
most cleanliness requirements as particulate matter, fibers, condensible hydro- 
carbons, solvent soluble organic residues and solids, and do not usually include 
considerations of the wide range of organic compounds. 

The citations included in the report are present under three separate subject 
headings: 
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I. CONTAMINANTS AND SOLUBILITY OF ORGANIC COMPOUNDS IN 
OXYGEN 

IL REACTION CHARACTERISTICS OF ORGANIC COMPOUNDS WITH 
OXYGEN 

IE. SAMPLING AND DETECTION LIMITS OF IMPURITIES 

In a number of cases, the same citation is referred to in several subject 
categories. 

The report contains, in addition to the citations, an author index and an 
index of major descriptors. Specific chemical compounds referred to in the 
citations are also listed in the index. 
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COHTAHI HANTS I N LIQUID OXYGEN AS RELATED TO SAFETT IN 
L IDO ID OXYGEN PRODUCTION A HD DISTRIBUTION EQUIPMENT 
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A R RISK, J. C. 

00/00/60 


| SECURITY CLASS ACCESS LEVEL • REPORT CLASS ENTRY EVAL. 

; U/Unrastrictai Unlimited Suaaary Good/gxcel. 
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! -ABSTRACT- 

I 

CONTAMINANTS IS LIDUID OXYGEN ARE CLASSED AS VOLATILES, 

.... NON-VOLATILES, AND ACETYLENIC, THE LATTER BEING THE CLASS WITH T HE 

GREATEST HAZARD. THIS CLASS HAS LOW SOLUBILITY IN LOX AND 

THEREFORE PRECIPITATES OUT AS A SOLID. IF SUITABLE PRECAUTIONS ARE 
NOT TAKEN, THESE SOLIDS CAN ACCUMULATE TO DANGEPOUS LEVELS IN AIR 
SEPARATION PLANT EQUIPMENT. THIS DISCUSSION IS LIMITED TO THE 
CONTAMINANTS INTRODUCED F°OM THE AIR PROCESSED IN A 18 SEPARATION 
PLANTS. THE MOST HAZARDOUS AREA IN THE PLANT IS THE MAIN 

CONDENSER, THE DESIGN OF WHICH SHOULD PREVENT LOCAL ACCUMULATIONS 
OF SOLIDS. THE SAME IS TRUE OF LIQUID PIPING IN THE PLANT. THERE 
MUST BE NO TRAPPED POCKETS WHERE LIOUID MAY BOIL AND NON-VOLATILE 
HYDROCARbONS CONCENTRATE. IN DISTRIBUTION EQUIPMENT, LIQUID 
OXYGEN IN THE TANK IS NOT PERMITTED TO BOIL OFF TO DRYNESS, 
VAPORIZERS ARE OPERATED WITH LARGE TEMPERATURE DIFFERENCES TO 
AVOID DEPOSITION OF SOLID CCNBUSTIBLES ON HEAT TRANSFER SURPACES. 


-PERTINENT FIGURES- 

FIG. 1 MAOOF TYPES OF MAIN CONDENSERS IN LIQUID OXYGEN PLANTS, PAGE 
223// TAB. 1 CLASSIFICATION OF HYDROCARBONS, PAGE 219//TAB. 2 
HYDROCARBONS IN ATMOSPHERIC AIR AT PLANT SITES, PAGE 22C//TA3.3 
HYDROCARBONS IN LIQUID OXYGEN, PAGE 221. 


I -SOURCE INFORMATION- 

i 

I 

1 CORPORATE SOURCE - 

LINDE CO., TONAWANDA, N.Y. 

JOURHAL PROCEEDINGS - 

ADVAN. CRYOG. ENG., VOL 3, 218-225 (PPOC. 1957 CRYOG. ENG. 
| CONF.) 

PUBLISHER - 

' PLENUM PRESS, INC., H.Y„ 

j OTHER INFORMATION - 

! 000b FAGES, 0001 FIGURES, 00": 3 TABLES, 0000 REFERENCES 
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STUDY 3 F LIQUID OXYGEN CONTAMI NATION. PROGRESS REPT. HO. 2 


BAT LEY , B . M . 
VI3NA LE , V. J. 

01/00/b0 


SECURITY CLASS 
U/Unrestcicted 


ACCESS LEVEL 
NT IS 


REPORT CLASS 
Increaental 


ENTRY EVAL. 
g ood/E xcel . 


-ABSTRACT- 


THE OBJECT OF THIS 
SPECIF! CATIONS FOP P 
PROPELLANT SUPPLY 5 
.UNITOR INC, FOP CLEA 
J? DESIGN CRITERIA 
SAFETY. THIS PROGS 
SOURCES OF CONTAMIN 
OXYGEN IN TRANSIT BE 
AND UNLOADING THE 
CONCERNING LIQUID 
SEANS F CP. PE MOV A L 

liquid oxygen. 


PROGRAM IS T4 E RECOMMENDATION OF REALISTIC 
FOCURE.NENT AND USE OF LIQUID OXYGEN FOR POCKET 
YSTEMS, INCLUDING STANDARDS FOR CLEANLINESS, 
NfLTNESS AND CON TA HI NA NTS , AND RECOHHENDAT IONS 
FOR REDUCTION OF CON T AS IHAHTS AND INCPEASED 
ESS REPORT DISCUSSES THE SIGNIFICANCE AND 
ANTS AND THE CHANGES IN DUALITY OF LIQUID 
TWEEN AIR-SFP.ARATTON PLANT STORAGE AND LOADING 
MISSILE. SOME RECOMMENDATIONS ARE HADE 
TRANSFER PROCEDURE, PIPING AR R ANG SHUNTS , AND 
OF L0H-S0IU3ILITY CONTAMINANTS FROM STORED 


•PERTINENT FIGUPES- 


FI3.1 SIMPLIFIED 01 A 
3YSTEP, PAGE 12 //FIG 
LIQUID OXYGEN, PAGE 1 
STORAGE AND LOADING S 
DETAILS RESULTING IN 
19//PI3.5 LAUNCH-SITE 
2 1 // FIG. 6 EFFECT OF V 
OXYGEN CONCENTRATION I 
PLANT LIQUID OXYGEN 
CONTAMI NATION CON 

ADSORPTION-PUR IF ICA m I0 
STORAGE VESSEL AND 
33//FIG. 9 A PROPOSE: 
•MAXI HUM FLUSHING ACT 
ARRANGEMENT FD’ 1° A N 
ADDITION, PAGE iO 


GRAH, .MISSILE OXYGEN SUPPLY AH D LOADING 
.2 DIFFERENTIAL EVAPORATION OF 99.5 PERCENT 
4// PIG. 3 TYPICAL LAUNCH-SITE LIQUID OXYGEN 
Y5TEM, PAGE 17 //FIG. 4 EXAMPLES OF PIPING 
CONTAMINANT CONCENTRATION 30ILD-UP, PAGE 
LIQUID OXYGEN STORAGE FLOW LINES, PAGE 
ENT VELOCITY AND ATHOSPHERIC DIFFUSION ON 
N THE VENT LINE - SCHEMATIC, PAGE 23//FIG.7 
STORAGE TANK - SCHEMATIC, PAGE 2&//FIG. 8 
CENT RATION AS A FUNCTION OF 

N TIME FOR TWO TYPES OF FLOW THROUGH THE 
T HPE3 RELATIVE P'JHPING CAPACITIES, PAGE 
LIQUID OXYGEN STORAGE TANK AFRAHGSHENT FOR 
ION BY T HROUGH-FLOH, PAGE 35//FIG.10 AN 
SFER CONNECTIONS WITH REDUCED CONI AH IN A NT 
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CONTAMI NATION, 
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-BIBLIOGRAPHY- 


STUDY OF LIQUID 0 X Y GEN 
PRODUCTS, INCORPORATED, 




ALLENTOWN , PENNSYLVANIA, AIN RESEARCH AND DEVELOPMENT JO MM AND 
CO NTRACT A? 33(616-6730, 0CT03F? 1 959 // (MA.I. ) J. C. LESOSR AND C. 
L. WILLIAMS, INTERIM STANDARDS FOR LIQUID OXY**.K?i SYSTEMS, STL /? TO , 
AFMTC, MAY B, 1959//S. A. WI LLI S , AN ANALYSIS Of THE CONT AMINAT ION 
PROBLEM WHEN fl SING GASEOUS NITROGEN FOR THE PRESSURIZED TRANSFER 
OF LIQUID OXYGEN, REPORT NO. PS-030, CONVAIR ASTFON AOT ICS , CONVAIR 
DIVISION OF GENERAL DYNAMICS CORPORATION, SEPTEMBER 1 & , 1959. 

(CONFIDENTIAL) //P . LIE3ERMAN, E.R.E.T.S. LOX LOSSES AND 

PREVENTATIVE MEASURES, PROCEEDINGS Or 1956 CRYOGENIC ENGINEERING 
CONFERENCE, BOULDER, COLORADO, SEPTEMBER 1955//C. [{. RSYNALES, 

SAFETY ASPECTS IN THE DESIGN AND C P EF AT ION OF OXYGEN SYSTEMS, 
ENGINEERING PAPER NO. 741, SYMPOSIUM ON CHEMICAL CLEANING OF 
MISSILE LAUNCHING FACILITIES AND COMPONENTS, DOWELL DIVISION OF 
THE DOW CHEMICAL COMPANY, T^LSA , OKLAHOMA, JANUARY 1959//D. 5. 

PALL, DEVELOPMENT OF FILTERS EOF 400 DEGRESS F AND 600 DEGREES F 
AIRCRAFT HYDRAULIC SYSTEMS, WADC TECHNICAL REPORT 56-249, MAY 1956 


-SOURCE I N FORM ATI ON- 


. CO-RPOFATt SOURCE - 

AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. 

REPORT NUMBER - 
AD-235063 
SPONSOR - 

AIR FOFCE FLIGHT TEST CENTER, EDVARDS A?B , CALIF. 
CONTRACT NUMBE? - 

CONTRACT A ? 33 (61 6)- 673P 
OTHER INFORMATION - 

00 « 5 PAGES, 001C FIGURES, 0 OOP TABLES, 00C6 REFERENCES 
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HAZARD LEVEL 0? H YQP0CAP30N ?ILSS IN SYSTEMS CONTAINING 
LIQ1IL AND GASEOUS DRY GEN 


h v 


KEHA F,E. 
C9/0Q/6 1 


SEC UP IT Y Cl. ASS ACCESS LEY EL REPORT CLASS ENTRY E»AL. 

3/CJnrastrict ed Unlimited Summary Good/Excel. 


-A3 ST?AC ?- 

TIE 03JECT OF THIS WOPK WAS TO DET EPMIN £ REALISTIC STANDARDS OF 
CLEANLINESS IN SYSTEMS CONTAINING LIQUID AND GASSDUS OXYGFN. AN 
ABBITPARY FIGURE DF 4 MILLI3PAH3 PER SQUARE FOOT HAD BEEN 
PREVIOUSLY SET BY EXAMINATION OF SYSTEMS THAT HAD CAUSED NO 
T30UPLE IN THE PAST. IT WAS FELT THAT THIS FIGURE WAS TOC LOW AND 
THAT EXPERIMENTAL DETERMINATION 0? THE SAFE LEVEL SHOULD BE MADE 
TO SET SUCH STANDARDS. 3ASED ON THE EXPERIMENTS REPORTED HERE, THE 
3EC0MME ND2C SAfr. LEVEL CONTAMINATION WITH HYDROCARBONS WITH 
VISCOSITY AND VAPOF PRESSHFE SIMILAR TO HEXADECANE IS 100 
.MILLIGRAMS PER SQUARE FOOT. 


-PERTINENT FIGURSS- 

FIG. 1 IGNITION APPARATUS USING ~ A5E0US OXYGEN PAGE 163//FIG.2 
IGNITION APPARATUS USING LIQUID OXYGEN PAGE 164//FIG. 3 IGNITION 
APPARATUS USING GASEOUS OXYGEN PAGE 164//FIG.4 IGNITION APPARATUS 
JSING LIQUID OXYGEN BE^GFS IGNITION PAGE 155//FIG.5 IGNITION 
APPARATUS USING LIQUID OXYGEN AFTER IGNITION PAGE 166//FXG.6 
JSdURNED HEXADECANE FILMS AFTEF SPARS IGNITION IN GASEOUS OXYGEN 
PAGE 166 


-BIBLIOGRAPHY- 

J.C. LESUER, AFBHD/MTQTP AND C. L. WILLIAMS, STL/FTD, DRAFT OF 
I.NrE.PIOP .STANDARDS FOR LO X SYSTEMS, MAY 8, 1959//K.N. PALMER, J. 

INST. FUEL 29, P. 293 (195b) //I. Ti. BASVNDV AND V.G. MIKHEDOV, 
5ISL0F0D 12, NO. 5, P. 1 (1959). TRANSLATION NO. RD-2220 BY 
ASSOCIATED TECHNICAL SERVICES, INC. //AIR PPDDUCTS, INCORPORATED, 
JNPUBLISFED WORK //H . BERGS?., ? Et'ERSCH UT7.ECH 21, P. 15 
(1941) //D. B. SPALDING, G.AS TURBINES - VOL. 2. SOME FUNDAMENTALS OF 
COMBUSTION. BUTTERWOPTHS SCIENTIFIC PUBLICATIONS, LONDON (1955) 


SOMPCE ISFOPMATI ON- 


CORPOPATE SOURCE 


ORIGINAL page is 
OF POOR QUALITY 
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AL L EM TO VN , PA 


AIR PRODUCTS AND CHEMICALS, INC., 

JOURNAL PROCEEDINGS - 

ADVANCES IN CRYOG. ENG. VOL 7, 163-9 (1962) (PROC. OF 1961 
CRY03. ENG. CON?., 7TH, ANN ARDOR, MICH., AUG 1 6- 7 , 1961) 
OTHER INFORMATION - 

0007 PAGES, 0003 FIGURES, 000 1 TABLES, 0008 REFERENCES 
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COMPATIBILITY 3? LUBRICANTS WITH MISSILF. FUELS A NO 

0XIPIZFP3 

b v 

FI SC'{ , K . R . 

PEALS,L. 

MESSINA, J. 

SI3SE3,H. 

11/00/62 



SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

J/Unrastrictai VTIS Summary Accaotable 


-ABSTRACT- 

VARIOUS COMPOUNDS WERE STUDIED TO DSTERM IN E THEIR SUITABILITY AS 
LUBRICANTS IN THE PRESENCE 0? FUELS AND OXIDIZERS USED IN MISSILE 
SYSTEMS. THE CLASSES Or COMPOUNDS STUDIED WERE THE HALOGENATED 
ALIPHATIC AND AROMATIC HYDROCARBONS, THE SILICON AND 

PEF FLUORGC'3 M P OUN OS , ESTERS, ETHEPS, AND COMPOUNDS CONTAINING 
NITROGEN. THE FUELS AND OXIDIZERS INCLUDED ETHYL ALCOHOL, 

HYDROCARBON FUEL, UNSYNMETRI CAL DI MET H Y LEY DRAG I NF., 

DIETH YLEN5TRIAMINE, A KIXTURF 0? THE LATTES TWO, HYDROGEN 
PEROXIDE, INHIBITED PSD FUMING NITRIC ACID, AND LIQUID OXYGEN. THE 
MOST PROMISING COMPOUNDS WERE STUDIED FOR THEIR EXTREME PRESSURE, 
ANTIWEAP, VOLATILITY, AND VTSCOMETF.IC PROPERTIES. THESE COMPOUNDS 
WcHE FOUND TO BE COMPLETELY INKFT (UNSFACTIVE AND INS0LU3LE) WITH 
hLL THE FUELS AND OXIDIZERS. ONE WAS A LHJ ID 
(PERF LUOFOTHI BUTYLAMINE) AND THE OTHER TWO WERE SOLIDS 

(POLYTETRAFLUOROETHYI.ENS AND 

TE TR A? LUOPGETH YLEN E- H EX AFLU OSOPRO PY L 2N E CO P 3 L YM ER 1 . THE 

PiPFLUOPOTFIBUTYLAMXNZ EXHIBITED ADEQUATE LUBRICATION PROPERTIES 
EXCEPT I OF. ...EXCESSIVE VOLATILITY. THE PREPARATION OF HIGHER 
HOMOLOGS OF THIS COMPOUND IS EXPECTED TO RSNFPY THIS SHORTCOMING. 
l’HE POLYTETP AFLnOPOETHYLENE AND THE COPOLYMER MAY FIND APPLICATION 
AS COMPONENTS 0? A GREASE-TYPE LUBRICANT. 


-PERTINENT FIGUPES- 

T A B • 1 MISSILE LUBRICANTS PAGE 2U7//TA&.2 SOLUBILITY AND REACTIVITY 
OF HALOGENATED ALIPHATIC H7CR0CA R SONS PAGE 239//TAS. 3 SOLUBILITY 
AND REACTIVITY 0? SILICON COMPOUNDS PAGE 290//TAB.4 SOLUBILITY AND 
REACTIVITY OF ESTERS PAGE 291//TAB.5 S0LU3ILITY AND PEACTIVITY OF 
I A LOG E NAT EF AND NONHALOGEN AT ED AROMATIC HYDROCARBONS PAGE 
291//TAB.6 SOLUBILITY AND PEACTIVITY OF ETHEFS PAGE 292//TAB.7 
SOLUBILITY AND REACTIVITY OF NITROGEN COMPOUNDS PAGE 292// TABU 
SOLUBILITY « N O' REACTIVITY Or PERFLUOPO COMPOUNDS PAGE 293//TAB.9 
LUX I MPAC-T - SENSITIVITY T r STS PAGE 293//TA3.1C VISCOSITY Or TEST 
FLUIDS PAGE ‘294 //?A 3 . 1 1 WEAR AND ZP PROPEPTISS OF IEST FLUIDS 

ORIGINAL PAGE IS 

OF POOR QUALITY 

*&+**»** ~ 
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PaGS 295//TAD .12 VOLATILITY Or TEST ? LUI uS 


F 395 


-8I8LIOGFAPHY- 

RIEIIL,W.A., SCALANT5, L HE RIGA NTS , Tli READI NO COMPOUNDS AND "ACKING 
POE JUPITEP MISSILE SYSTEMS, AFMA TECHNICAL MOTE N F N-61 (MAY 
1 9 57) //THE HANDLING AND STOPA3E OF LIQUID PROPELLANTS , OFFICE OF 
TIE DIPECTO? OF DEFENSE, RESEARCH AND ENGINEERING (MARCH 
196 1) //BLOOM, R . , JP., WEEKS, L.E., AND ? A LEI S H , C . v». , MATERIALS OF 

CONSTRUCTION FOR EQUIPMENT IN' USE w IT H H2Q2, FOOD MACHINERY AND 
CHEM. CCRP., 3ECC0 CISM. DIV., 3'ILLSTIN 104 (1959)// CAPT ER,T. J. , 

A PROCEDURE FOP TESTING y AT ERI ALS IN LIQUID OXYGEN. TECHNICAL NOTE 
1-30, STRUCTURES AND MECHANICS LA30RATORY , A 3M A (MARCH 1 956)// 
CLARK, C.C., HYDRAZINE. MATHIS SON CHEMICAL CORPORATION. BALTIMORE, 
MARYLAND, 1 9 53//ORG ANO- PHOS PHOFU3 COMPOUNDS, PROJECT NO. NR 

055205. F T N A L TECHNICAL REPORT, SECTION 5. SHELL DEVELOPMENT CO. , 
EMERYVILLE, CALI?., COVEFING THE PERIOD FROM 1 JUNE 1949 TO 31 
JULY 1952//PEALE,L.r . , MESSINA, J., ACKERMAN, B. , SASIN,R., AND 
SWt : RN, D.V ' A. S. L.E. .TRANS. 3(1), 4H-5U ( 1960)// E HR EN FS LD , R . , 
SEEKING A DIVORCE FROM A SINGLE MARKET. CHEMICAL WEEK P. 4 1 
(AUGUST 23 , 1958) //KAJCK, 2. A. , AND SIMONS, J.H., U.S. PATEN 
2, 616, 927 (NOVEMBER 6, 1 952) //Kfc Y , E . , AND TI NG La , E. D. , THE USE OF 
fOLYTETRAFLUORO ETHYLENE AS A LUPRICANT, 3RI7. .7 . APPL. PHYS. 9, 17 

( 1958)// PUDGE, A. J., FLUORINE CONTAINING LUBRICANTS, CHEM. AND 

INL. (LONDON) 4S2-46 1 (1955) 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

‘ AERONAUTICAL SYSTEMS' DIV., W P IGHT-P A TTEP. SO N AFB , OHIO. 
N3NM STALL IC MATERIALS LAB . //FRA NKFORD ARSENAL, PHILADELPHIA, 

PA. 

REPORT NUMBER - 

A-62-1 3//AD-404 124 
JOURNAL PROCEEDINGS - 

A 5LE TRANS. VOL 5, 287-96 (196 2). PRESENTED AT ANNUAL MEETING 

OF THE AMERICAN SOCIETY OF LUBRICATION ENGINEERS, ST, LOJ IS , 
MO,., MAY 196 2 
OTHER INFORMATION - 

0010 "AGES, 0000 FIGURES, 00 12 TAEL SS, 0011 REFERENCES 
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CONTAMINATION OF MISSILE FLO ID SYSTEMS. 

by 


PECKRAM,H.H. 


1 1/00/60 


SECURITY CLASS ACCESS LEVEL 

J/Unrestr icted Unlimited 


REPORT CLASS ENTRY EVAL. 

Summary Good/Excel. 


-ABSTRACT- 
IVE-. AEROSPACE INDUSTRY IS UNIQUE IN ITS STF IN GEN T REQUIREMENTS 
REGARDING CONTAMINATION CONTROL. THE REPORT COVERS PROCEDURES, 
SPECIFICATIONS, ETC. E S TA 3 LI SUED BY THE MARTIN COMPANY OVER A 
NUMBER OF YEARS IN THIS AFEA. SPECIFIC AREAS COVERED IN DETAIL 
DEAL WITH DESIGN P ECOMMEND A TIO NS , MANUFACTURING CONTROLS, CLEANING 
PROCEDURES AND PROCUREMENT RESTRICTIONS (MARTIN HAS ESTA3LI SHED A 
CO N T AM IN AT 10 N CONTROLLED PARTS LIST). TABLES ARE PRESENTED 

SHOWING; ALLOWED CONTAMINANTS IN LIQUID AND GASEOUS OXYGEN AND 
NITROGEN, RP-1 AND GASEOUS HELIUM. TABLES APE ALSO GIVEN SHOWING 
THE ALLOWED CONTAMINANTS IN SOLVENT RINSES AND VACUUMING 

PROCEDURES. THE CONTAMINANTS SPECIFICALLY COVERED IN THE VARIOUS 
PROCEDURES AND SPECIFIC AT IONS ARE HYDROCAPBOSS (SPECIFICS LLY 
ACETYLENE), FILTERABLE SOLIDS (FILTER SCREEN SI7.ES ARE GIVEN) AND 
WATER CONTENT. 


-PERTINENT FIGURES- 

FIG. 1 AEROQUIP SELF-SEALING COUPLING -- EXTERNAL VIEW, PAGE 
30//FIG.2 AEROOUIP SELF-SEALING COUPLING -- CUTAWAY VIEW, PAGE 
J1//FIG.3 HYDROSTATIC TEST FIXTURE -- GENERAL VIEW, PAGE 35//FIG.4 
MISSILE TANK CLEANING CELL, PAGE 36//FIG.5 DRAWING CALLOUT5 , PAGE 
42//FIG.6 CC PL FLOW DIAGRAM, PAGE 49// TAB.*. PROCUREMENT 
REQUIREMENTS, 327-9020000, PAGE 44//TAB.2 OPERATIONAL FLUIDS 
REQUIREMENTS, 327-9020000, PAGE 45//TAB. 3 FINAL SOLVENT RINSE 
EFFLUENT REQUIREMENTS, 327-9020000, PAGE 46//TA3.4 VACUUM 
INSPECTION REQUIREMENTS, 327-9020000, PAGE 47//TAB.5 TANK FLUSH 
TEST REQUIREMENTS, 327-9020000, PAGE 48. 


SOURCE I NPO D MATI ON- 


CORPORATE SOURCE - 

MARTIN CO., DENVER, COLO. 

REPORT NUMBER - 
M- 60-39 

JOURNAL PROCEEDINGS - 

SYMPOSIUM ON MATERIALS USED IN AEROSPACE VEHICL2 DESIGN,- HAY 
4-6 , 1950 , DENVER, COLC. 

CXRIGEnAJ, page is 9 

OF PO OP QU ALITY 
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STUDY OF LIOH ID OXYGEN CONTAMINATION, FINAL REPORT. 

hy 


FOSTER, R.H. 


05/00/8 1 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY E VA L . 

;/Un restr ict el Nils .Summary Gog.l/Excel. 


• n c* *0 • — 

t\ O * i' r\ ^ i 

This FINAL REPORT SUMMARIZES THE WORK PERFORMED IN ACCORDANCE WITH 
CONTRACT AF 33(5 161-6730. THE PURPOSE OF THIS STUDY WAS TO 
DEVELOP A SETTER UNDERSTANDING OF THE PHYSICAL, CHEMICAL AND 
UCHANICAL PELA? IONS HI PS INVOLVED IN DEVF.l OPING REALISTIC 

PARAMETERS FOP SPECIFICATION PURPOSES FOR THE APPLICATION OF 

oxygen to missiles. the significant sources and degree of 

CONTAMINATION ARE SUPPLIED AS A BACKGROUND SURVEY AND THE CURRENT 
(1961) SPECIFICATIONS FOR LIOUID OXYGEN AND GROUND SUPPORT 
EQUIPMENT ARE DISCUSSED. RECOMMENDATIONS FOR LIQUID OXYGEN 
SPECIFICATIONS AND FOR EQUIPMENT OPERATION ARE PRESENTED. SOURCES 
AND MECHANISMS FOR IGNITION OF LIQUID OXYGEN S YST EHS , FACTORS 
RELATED TO SOLTO CO NT A MIN ANTS, CLEANING AND PURIFICATION JP OXYGEN’ 
EQUIPMENT AND HANDLING SYSTEMS HAVE BEEN INCLUDED. AS PART OF THIS 
STUDY, A THPEE-MONTH ANALYTICAL SURVEY WAS MADE AT CAPE CANAVERAL 
AND SMMMAPI7.EO HEREIN. 


-PERTINENT FI 5UPES- 

/ 1 3 . 1 SIMPLIFIED DIAGRAM, LIQUID OXYGEN SUPPLY SYSTEM, PAGE 
V/FIG.2 EXAMPLES OF PIPING DETAILS RESULTING IN CONTAMINANT 
CONCENTRATION BUILD-UP, PAGE 13//FIG.3 FLOW LINES IN LIQUID OXYGEN 
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-ABSTRACT- 

T HE OBJ EC1 0? '.'HIS PROGRAM IS THE RECOMMENDATION OF REALISTIC 
SPECIFICATIONS FOR PROCUREMENT AND USE OF LIQUID OXYGEN FOR POCKET 
PROPELLANT: SUPPLY SYSTEMS., INCLUDING STANDARDS FOR CLEANLIHESS, 
MONITORING FOR CLEANLINESS AND CONTAMINANTS, AND RECOMMENDATIONS 
OF DESIGN CPITERIA FOR REDUCTION OF CONTAMINANTS AND INCREASED 

Safety, this progress report recommends procurement and use 

SPECIFICATIONS FOR TOTAL HYDROCARBONS AND ACETYLENE IN LIQUID 
OXYGEN. NO SPECIFICATION RECOMMENDATIONS ARE HADE FCP OTHER 
POSSIBLE CONTAMINANTS FOR LACK OF DEFINITIVE KNOWLEDGE. PROGRAMS 
FOR OBTAINING THIS INFORMATION HAVE BEEN OUTLINED. 
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-ASST RAC?- 


I his article provides a concise revise of contamination in liooid 

OXYGEN. CONTAMINANTS AF E CLASSIFIED IN TERMS OF SOLID OR 
DISSOLVED, COMEUSTI-BEE' OR- X-SiFF?,~-AKD THE SOLUBILITIES OF SELECTED 
S il'J P kT EL l N b . ns S« T HP A TED HYDROCARBONS IN LI O’ 1 1 D OXYGEN IS GIVEN. 
DISCUSSEL ARE SOURCES OF CON T AM IS AT IDS , MEANS D F REMOVAL, AND 
CDNC ENT = AT ID N EFFECTS DURING STORAGE AND HANDLING DUE TO POOR 
EQUI PM". NT DESIGN AND V APOP 12 AT ION . 


- n EFT IN ENT • FIG3F Z5~ 


FIG. 1 SOLUBILITY 0? 3A dr A TED M YjR OCA P PONS IK LIQUID OXYGEN PAGE 
11//FIG. 2 SOLUBTI I ?Y n: UNSA?URA~ED HYDFOCAR30NS IN LIQUID OXYGEN 

PAGE 11 


-SOURCE INFORMATION 


COF.POFAIF SD Ur C S - 

AIR PPODUCIS A N Z CHEMICALS, INC., ALLENTOWN, PA. 
JOURNAL FF0CE3DINGS - 

CONTAM. CONTE. VOL 3, NO. 8, 10-13 «AUG 1964) 

DT HEP. INFORM A TIDE - 
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TECH NIC AL Cfi ABAC? ER CF CRYOGENIC HAZARDS (LKS* PART 1 DF 

2.1 

by 

MCKINLEY, C. . 

07/00/59 


SECURITY Cl. ASS 
J/Unrestricted 


ACCESS LEVEL 
Unlimited 


FEPORT CLASS 
Su nraary 


ENTRY EVAL. 
G ood/E xcel . 


-ABSTRACT- 

A GENERAL DTSCUSSIOl OF THE HAZAPDS INVOLVE!) IN HANDLING CRYOGENIC 
FLUIDS IS GIVEN. Tr E HAZAFCS ARE GROUPED INTO FOUR CATEGORIES, 
PERSONNEL EXPOSURE, BRITTLENESS OF CONSTRUCTION HATERIALS AT LOW 
TEMPERATURES, HIGH PRESSURES DUE TO CONFINEMENT O? CRYOGENIC 
FLUIDS, AND FLUID ' FL AMMAdiLT? Y ; ' BRIEF DISCUSSION AND CONCISE 
SZNZPAL DATA APE GIVEN COVERING THE IMPACT ENERGY CF CARBO.v 
STEELS, ADI A3ATIC COMPRESSION TEMPERATURES, THE FLAHBABILI TY AND 
Dr,TJNA3IL ITY LIMITS n? SEIECTFD HYDROCARBONS IN AIR AND OXYGEN, 
THE FLAME AND DETONATION VELOCITIES OF METHANE AND HYDRCGEN IN AIR 
AND OXYGEN, THE SDLUFILITY OF UVSA TURATED HYDFOCARBONS IN LIOUID 
OXYGEN, THE ADSORPTIVE CAPACITIES OF THE LOWER HYDROCARBONS IN 
LIQUID OXYGEN, AND iYPERI MENTAL EXPLOSION TEST DATA WITH MIXTURES 
OF SOLID AND GASEOUS METHANF, NITFOUS OXIDE, AND TRIERS SYL 
PHOSPHATE MIXED WITH GASEOUS AND. LIOUID OXYGEN. THE ARTICLE 
BRIEFLY COVERS MANY CF THE HAZAFDS INCURRED WITH CRYOGENIC SYSTEMS 
AND PRESENTS BRIEF DATA TO EXPLAIN WHY THE HAZARDS EXIST. 


-PERTINENT FIGUFES- 

FI3.1 TENSILE AND IMPACT VALUES FOR STEEL AND ALUMINUM, PAGE 
2 4 //FIG. 2 COEFFICIENTS OF THERMAL EXPANSION, PAGE 24//F.IG.3 VAPOR 
PRESSURES OF HYDROGEN, NITROGFN , ARSON, OXYGEN, CARBON DIOXIDE AND 
WATER , PAGE 25 //FIG. «» DENSITY OF OXYGEN, GASEOUS AND LIQUID, PAGE 
25//FIG. 5 THRUST FROM ESCAPING GAS, PAGE 26//FIG.6 ADIABATIC 
COMPRESSION TEMPERATURE, PAGE 2b 


-SOURCE IN FORM ATIOK- 


CORPO- ATI SOURCE - 

ATP PRODUCTS ANI CHEMICALS, . IM-C.-, .-ALLENTOWN, PA. 

JOURNAL PPOCLi. DINGS - 

CRY CO . SAFETY CCNF. , PPOC. OF, SESSION 2, 23- 30, ALLENTOWN, 
PA., JUL 195y 
PUBLISHER - 


AIT PRODUCTS, INC., ALLENTOWN, PA. 
OTHER I *<F OFKATTON - 
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CONTAMINATION IN THE PRODUCTION AND HANDLING OF CRYOGENIC 

FLUIDS 

by 


SMITH , C . P. 
08/00/64 


SECURITY CLASS 
U/Unrestr icted 


ACCESS LEVEL 
Unliaited 


REPORT CLASS 
None Given 


ENTRY EVAl. 
Good /Excel. 


-ABSTRACT- 

A GENERAL REVIEW OF CONTAMINATION IN THE PRODUCTION OF VARIOUS 
CBYOGENS. HOST OF THE DISCUSSION COVERS OXYGEN AND NITROGEN IN 
AIR SEPARATION PLANTS. SOME INFORMATION IS GIVEN FOR HYDROGEN AND 

HELIUM. THIS IS A BRIEF ARTICLE- AND GIVES ONLY GENERAL 

INFORMATION. 


SOURCE INFORMATION 


CORPORATE SOURCE - 

LINDE CO., TONAWANDA, N.Y. 

JOURNAL PROCEEDINGS - 

CONTAH. CONTR. VOL 3, NO. 8, 14-5&19S32 (AUG 19645 
OTHER INFORMATION - 
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keys 281 throuqh 283 

3 AS-CH ROH AT OG PA PH I C METHOD FOR THE DETERMINATION OF 
POLLUTANTS IN AVIATION LIQUID OXYGEN. (HETODO 
■3 A SC P OH AT 03 R API CO PEP LA DET ERR IN AZ ION E DEGLI INQUINANTI 
NELL OSSIGENO LIQOIDO AVIO) 

h? 

CIANETTI.E. 

PECCI ,3 • 

S CU DERI, G. 

00/00/6 5 


SECURITY CLASS 
U/Unrestricted 


ACCESS LEVEL 
Unliaited . 


PE PORT CLASS 
Incremental 


ENTRY EVAL. 
Acceptable 


-ABSTRACT- 

FOLLOWING AN EXPLANATION OF BASIC PRINCIPLES OF GAS CHROMATOGRAPHY 
AND SORE TOXICOLOGICAL CONSIDERATIONS OP REASONS FOB REDUCING 
HAXIMlin ALLOWABLE IMPURITIES I N OXYGEN, THE AUTHORS DESCRIBE 
METHOD I OR QUICKLY DETERMINING BOTH ORGANIC AND INOBGANI 
IMPURITIES. ORGANIC IMPURITIES ARE DETERMINED WITH IONIZING FLAH 
3 A S CHROMATOGRAPHY, INORGANIC ONES WITH A THERMISTOR SENSOR, I 
TWO OPERATIONS, AFTER PRECONCENTRATION. 


-PERTINENT FISUFES- 

FIGS. 1 THRU U GAS CHROMATOGRAPHY APPARATUS PAGES 30-1 
34-5 //FIGS . 5 THRU 13 CHRO MAT 03 P A US OF IMPURITIES IN OXYGEN PAGE 
37-42//TABLE MAXIMUM ALLOWABLE CONTAMINANTS PAGE 32 


-BIBLIOGRAPHY- 

HS7TMANN E. CHROMATOGRAPHY, REINHOLD PUBL ISHING CORP. , NEW YORK 
1961// KAISER P. GAS PHASE CHROMATOGRAPHY, 3 POLL. - TRADUZION 
P. H. SCOTT, BUTTER WDR THS , LONDON, 1 96 3 //T RANCH A NT J. MANUEL 
PRATIQUE DE CHPOMATOGRAPHIE EN PHASE GAS RUSE, MASSON, PARIS, 1964. 


’ -SOURCE INPORHATION- 


CORPORATE SOURCE - 

MINISTERO DELLA DIrESA AERONAUT ICA, ITALY 
JOURNAL PROCEEDINGS - 

PIV. MED. AERONAUT. SPAZ. VOL 28, 26-45 {JAN-.MAR 1965) 
OTHER INFORMATION - 
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ANALYSIS FOR TRASS HYDROCARBON CONTAMINANTS 

REBOILERS 


28? through 288 
IN OXYGEN 


by 


LINDE, R.N. 
5CHH AUCH, G. E. 

00 / 00/66 


SECURITY CLASS ACCESS LEY S L REPORT CLASS ENTRY EVAL. 

u/Unrestricted Onliaited Sueiacy Acceptable 


-ABSTRACT- 

IN CONNECTION HITH A PRO GITAS TO STUDY THE CONCENT RATIONS OF 
HYDROCARBON CONTAMINANTS IN OXYGEN REEOILERS, A GAS 
CHROMATOGRAPHIC TECHNIQUE HAS DEVELOPED TO MEASURE C(3) THROUGH 
C (6 ) HYDROCARBON AT THE 1 TO 15 PART-PER- BILLION LEVEL IH 
VAPORISED LOX SAMPLES. THE PROCEDURE CONSISTED OF PASSING A LARGE 
VOLUME OF OXYGEN (3-15 LITERS) THROUGH A SHORT ALUMINA ADSORPTION 
COLUMN COOLED TO -78 DEGREES C FOLLONING HHICH THE ADSORPTION 
COLUMN HAS SWITCHED INTO A GAS CHROMATOGRAPH CARRIER GAS STREAM. 
THE COOLANT HAS REMOVED AND THE COLUMN IMMERSED IN HATER IT 95 
DEGREES C. THE HYDROCARBON CONTAMINANTS ELUTED FROM THE ADSORPTION 
COLUMN HERE CHROMATOGRAPHED ON A 12-FOOT DIBUTYL HALEATE COLUMN AT 
40 DEGREES C. A SINGLE ANALYSIS COULD BE PERFORMED IB 30 MINUTES. 
THE REBOILERS OF FOUR OXYGEN PLANTS HERE SAMPLED AT WEEKLY 
INTERVALS OVER A SEVERAL MCNTH PERIOD. PROPANE WAS REGULARLY 
FOUND IN CONCENTRATIONS AS HIGH AS 2300 PPB EACH WHILE THE 
PENTANES AND HEXANES HERE ORDINARILY BELOW THE DETACTABLE LIMITS 
BUT OCCASIONALLY ROSE TO THE 20 PRB BANGE. 


-PERTINENT FIGURES- 

FI3.1 MODIFIED GAS C H ROH AT 0 GRAPH, PAGE 368//FIG. 2 FLOW DIAGRAM, 
PAGE 368// FIG. 3 CHROMATOGRAM OF STANDARD GAS BLEND, PAGE 
37 0//TAB. 1 LIMITS OF HYDROCARBON DETECTION, PAGE 369//TAB. 2 
HYDROCARBONS IN REBOILER LOX, PAGE 371 


-BIBLIOGRAPHY- - . 

N. BRENNER AND L. S. ETTR3 , ANAL. CHER. 31. 1815, 1959//F. T. 
E33ERTSEN AND ?. M . NELSON, ANAL. CHEN. 30. 1340, 1958//C. A. 
3AULIN, E. R. MICHAELS EN, A. B. ALEXANDER, JR., AND R. W. SAVER, 
CHEN. ENG. PROGRESS 54. NO. 9, 48, 1958 
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CORPORATE SOURCE - 

AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN , PA. 

JOURNAL PROCEEDINGS - 

ADVANCES IN CBYOG. ENG. VOL 11, 367-71 (PROC. OP 1965 OR YOG . 
EtIG. CONF., 1 1 TH , HOUSTON, TEX, AUG 23-5, 1965) 

PUBLISHER - 

PLENUM PRESS, N.Y. 

OTHER INFORMATION - 
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SAFETY DP MATERIALS IN CONTACT WITH LIOOID OXYGEN 

by 

KELLER, E.E. 

02/21/57 


SECURITY CLASS 
U/Other 


ACCESS LEVEL 
Govt. /Contr. 


REPORT CLASS 
IncreBental 


ENTRY EVAL. 
Good /Excel. 


-ABSTRACT- 

TEST METHOD AND APPARATUS AND TEST RESULTS OF IMPACT SENSITIVITY 
OF VARIOUS MATERIALS IN LIQUID OXYGEN ABE' PRESENTED. ALSO 
PRESENTED ARE AN ABSTRACT OF A PAPER OR BEHAVIOR OP LIQUID OXYGEN 
AND A LITERATURE SURVEY OF REACTIONS OF ORGANIC MATERIALS NITH 
LIQUID OXYGEN. CONCLUSION IS THAT ROST REDUCING AGENTS AND 
HYDROCARBONS IN CONTACT WITH LIQUID OXYGEN CONSTITUTE A POTENTIAL 
EXPLOSIVE HAZARD. 


-PERTINENT FIGURES- 

DRANING IMPACT TESTER PAGES 17-26//TABLE 1 IMPACT SENSITIVITY OF 
MATERIALS IN CONTACT WITH LIQUID OXTGZtt PAGES 6-10//TABLE 2 EFFECT 
OF IMPACT ENERGY ON SENSITIVITY PAGE 1 1//TABLE 3 EFFECT OF IMPACT 
ENERGY ON SENSITIVITY PAGE 12 //TABLE 4 IMPACT SENSITIVITY OF 
MATERIALS IN CONTACT WITH LIQUID OXYGEN PAGE 12(A) 


-BIBLIOGRAPHY- 

BEHAVIOR OF LIQUID OXYGEN, BY E. N. BA LIS, GENERAL ELECTRIC 
COMPANY, REPORT 45783//Bf® GER , H. , CHEMICAL ABSTRACTS VOL 35, P. 
5704//BUFBO, P. Z. CHEMICAL ABSTRACTS VOL 3B, P. 865//CLA UDE , G . , 
CHEMICAL ABSTRACTS VOL 29, P. 8334// CLAUDE, G. , CHEMICAL 

ABSTRACTS VOL 29, P. 5274//HOW APD, H. F., ET AL. U. S. BUREAU OF 
MINES BULLETIN 503 (1952) //COX, ANNA, ET AL. JOURNAL OF PHYSICAL 
AND COLLOID CHEMISTRY. (19 50) PP. 665-70//DARCKNORT, P. W., 
CHEMICAL ABSTRACTS VOL 22, P. 667//DENUES, A. R. T. CHEMICAL 
ABSTRACTS VOL 35, P. 1634// LIPLOCK, B. 1., CHENICAL A3ST8&CTS VOL 
47, P. 5686 //.PA STO V SK 1 1 , V. G., ET AL. JOURNAL OF PHYSICAL 
CHEMISTRY (USSR) VOL 15 (1941) PP. 523-531// FEDEROVA, M. P., 
JOURNAL OF PHYSICAL CHEMISTR:Y (USSR) VOL 14 (1940) PP. 422- 
42 6 //H ENG LEIN, ?. A., CHEMICAL ABSTRACTS VOL 20, P. 17 16//HOWELL, 
5. P., U. S. BUREAU OF MINES, TECHNICAL PAPER ND. 294 

( 1923) //HUNTER, M. A., JOURNAL OF PHYSICAL CHEMISTRY VOL 10, 
(1 906) PP. 330-360//ISHKIN, I. P., JOURNAL DF PHYSICAL CHEMISTRY 
(USSR) VOL 13 (1939) PP. 1 337-1 339//MCCARTRY, L. V., CHEMICAL AND 

ENGINEERING NEWS VOL 27 (1949) P. 26 12//M ITTACH, A., CHEMICAL 

ABSTRACTS VDL 20, P. 1 7 1 6//NOMURA , Y., CHEMICAL ABSTRACTS VOL 44, 
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P. 9673// BUDISS, J., CHEHICAL ABSTRACTS TOt 47, P. 8373. 


-SOURCE INPORHATt OH- 

CORPORATE SOURCE - 

GENERAL DT HAflICS/CONV AIR, SAH DIEGO, CALIF. 

REPORT HURBEH - 

GDC-8614//AD-831283 
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BEVIES 3 F SOLUBILITY DATA FOR CERTAIN HYDROCARBONS IN 

LIQUID OXYGEN 

b T 

BALL'S. L. 

00 / 00/66 


ACCBSS LEVEL REPORT CLASS ENTRY EVAL. 

Onliaited Incremental Acceptable 


-ABSTRACT- 

THIS IS A SHORT REPORT ON EXPERIMENTAL MEASUREMENT OF THE 
SOLUBILITY OF CERTAIN HYDROCARBONS DISSOLVED IN LIQUID OXYGEN. THE 
SOLUBILITY LIMIT DID NOT CHANGE MEASURABLY FOR 30 TO 90 PS I 
PRESSURE CHANGE. A DESCRIPTION OF THE TEST APPARATUS IS. GIVES AND 
RESULTS OF TESTS ARE TABULATED. 


SECURITY CLASS 
U/Un restricted 


-PERTINENT PIGURSS- 

PIG.1 LIQUID PHASE SOLUBILITY APPARATUS, PAGE 1 2//T AB. 1 LIQUID 
PHASE SOLUBILITIES IN MOLAR PPM, PAGE 13 


* -SOURCE INPORHATION- 

CORPORATE SOURCE - 

AIR PRODUCTS AND CHEMICALS, INC. , ALLENTOHN, PA<= 

JOUrvAL PROCEEDINGS - 

SAFETY IN AIR AND AMMONIA PLANTS, VOL 8, 12-3 (PROC. OF 

MINNEAPOLIS SYHP. FROM 57TH A.I.CH.S. MEETING, SEP 26-9, 
1 965) 

PUBLISHER - 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, N.Y. 

OTHER INFORMATION - 
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SAMPLING AND ANALYSIS OF LIQUID 01 Y GEM, SUPPLEMENT TO 
SUHNA R Y PROGRESS REPORT NO. 4 

by 

ENT,W.L. 

07/00/60 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestricted NTIS Suaeacy Good/Excel. 


-ABSTRACT- 

I HIS SUPPLEMENTAL REPORT TO THE' ^ST-UDtY- -OF LIQUID OXYGEN 
CONTAMINATION DISCUSSES THE SAMPLING TECHNIQUES AND AN»».YTICAL 
METHODS WHICH RAVE BEEN USED IN BOTH TBE PRODUCTION ANl SE OF 
LIQUID OXYGEN. THE SAMPLING TECHNIQUES AND ANALYTICAL METHODS 
WHICH ARE NEEDED AND USED HAVE BEEN ESTABLISHED TO MEET THE 
REQUIREMENTS OF SEVERAL DI7PEH2 NT ASPECTS OF THE PROBLEM, SUCH AS, 
MONITORING FOR OXYGEN PURITY, MAINTENANCE OF COMBUSTIBLES BELOH 
DANGEROUS CONCENTRATION LEVELS, CONTROL OF SOLUBLE CONTAMINANTS, 
AND CONTROL OF SUSPENDED OR CONTAINED SOLID. SABPLING AND 
ANALYTICAL TECHNIQUES WHICH ABE THE HOST ACCURATE, SEBSITIVF, AND 
RELIABLE OF THOSE METHODS DISCUSSED, ARE R SCOSM ENDED . THE 
RECOMMENDED TECHNIQUES COVER PURITY, TOTAL HYDROCARBON, CARBON 
DIOXIDE, ACETYLENE, WATER, AND PARTICULATES FOP BOTH PRODUCTION 
STREAMS, AND LIQUID IN STORAGE. 


-PERTINENT FIG URE5- 

FI3.1 SAMPLING METHODS, PAGES 11, 12, AND 13//FIG.2 ORSAT OXYGEN 

TEST, PAGE 22//FIG. 3 DEW POINT TEMPERATURE DF WATER VAPOR IN AIR, 
PAGE 29//TAB.1 SELECTED PR YSICA L-CH E MICAL PROPERTIES OF LIQUID 
OXYGEN CONTAMINANTS, PAGE 3 //TAB. 2 CO(21 CONTAMINATION STUDY AT 
M APT IN- DENY EP 75 T/D LIQUID OXYGEN FACILITY, PAGE 16//TAB. 3 
TYPICAL CONTAMINANT CONCENTRATIONS IN HIGH PURITY LOX, PAGE 26 


-BIBLIOGRAPHT- 

HODGHAN, C. D., EDITOR-IN-CHIEF, HANDBOOK OF CHEMISTRY AND 
PHYSICS, FORTIETH EDITION, CHEMICAL RUBBER PUBLISHING COMPANY, 
CLEVELAND, OHIO// MCKINLEY, C. AND HISHELBERGEF, F ., OXYGEN PLANT 
SAFETY PRINCIPLES, CHEMICAL ENGINEERING PROGRESS, MARCH 1957, P. 
11 2-H//ZIEGLER, W. T. , THE VAPOR PRESSURES OF S3ME HYDROCARBONS IN 
THE LIQUID AND SOLID STATE AT LOW EMPERATURES, U.S. DEPARTMENT OF 
COMMERCE, NATIONAL BUREAU OF STANDARDS, TECHNICAL NOTE NO. 4, MAY 
1959/ /LANG, N. A. (ED.), HANDBOOK OF CHEHISTRT, HANDBOOK 
PUBLISHERS, INCORPORATED, SANDUSKY, OHIO, 1952, P. 1 584 //BA ILE Y , 
B. M., VIGNALE, V. J., AND STERNER, C. J. , STUDY OF LIQUID OXYGEN 
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CDiTAHIHATIDH, SOHHART PROGRESS REPORT HO. 4, AIR PRODUCTS, 
INCORPORATED, COHTRACT HO. AF 33 (61 6) -6730 , ARDC, USA?, EDWARDS 
1?8, CA LIFOBHI A, JULT 1960, APPEHDII 7//PEDBRAL SPECIFICA TIOH 

3B-0-925, 0XTGB9, 0 *. 5 PBBCBHT GAS ABD LIQUID, SEPTEHBBR 16, 1954, 
SB VI SED JOBS, 1357 , PARAGRAPH 4.2.3 
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CQRPORATE SOURCE - 
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STUDY 3 F LIQUID OXYGEN CONTAMINATION. PROG. RPT. NO. 5 

by 

FOSTER, R.H. 

VANGELDER ,N. 
k EH AT , E. 

10/00/60 


ACCESS LEVEL PEP02T CLASS ENTRY ETAL. 

N7TS Incraaantal Good/Excel. 


-A8STRACT- 

THI5 PROG PESS REPORT DISCUSSES EXPERIMENTAL WORK DONE ON THE 

FILTRATION OF SOLID CARBON DIOXIDE (CO( 21) FROM LIQUID OXYGEN AND 
ON HYDROCARBON FILM IGNITION IN GASEOUS OXYGEN. THE EQUIPMENT AND 
METHODS USED IN THE EXPERIMENTS ARE SHONB AND DESCRIBED AND THE 

RESULTS OBTAINED TO DATE ARE DISCUSSED. IT HAS BECOME OBVIOUS THAT 

COMPLETE FILTRATION OF CO(2) SHOW FROM LIQUID OXYGEN IS DIPPICDL? 
AND EXTENSIVE WORK MAY BE REQUIRED TO PROVIDE AN ADEQUATE BASIS 
FOR THE RECOMMENDATION OF FILTER DESIGN. RESULTS OF “THE 

HYDROCARBON FILM TESTS INDICATE THAT THE LUBRICANT COMPOSENT 
N-HEXADECANE SAFE FILM CONCENTRATION IS PERHAPS 100 MG/SQ.FT. 
RATHER THAN 4 MG/SO.FT. AS SPECIFIED AT VARIOUS MISSILE BASES. A 
FILM THICKNESS 0? 250 MG/SQ.FT. CPE'ATES A VISIBLY OILY SURPSCE, 
4HILE 500 MG/SO.FT. PRODUCES A FILM HAVING DEFINITE FLOS 
CHARACTERISTICS. THE LATTER SHOULD NEVER BE TOLERATED IN ANY LOX 
SYSTEM BECAUSE FILMS THICK ENOUGH TO FLOW ARE CAPABLE OF 
ACCUMULATING IN PUDDLES. 


SECURITY CLASS 
J/Unrestricted 


-PERTINENT FIGIJFES- 

FIG. 1 APPARATUS FOR EXAMINATION OF SOLID CARBON DIOXIDE PILTEBING 
PHENOMENON, PAGE 9//FIG.7 PLASTIC FILTEP ASSEMBLY WITH CYLINDRICAL 
FILTER ELEMENT (PULL SIZE), PAGE 15//PIG. 8 FILTER ASSEMBLY AS 
MODIFIED WITH SIDE TAKE-OFF FOR HIGH REYBOLDS NUMBER (FULL SIZE), 
PAGE 15//PJG.9 REYNOLDS NUMEER BEFORE FILTER (10 MICRON. PORE SIZE) 
QUIESCENT STATE, PAGE 22FIG. 10 REYN OLDS NUMBER BEFORE FILTER (10 
MICRON PORE SIZE) VIBRATED FILTEP, PAGE 23 //PIG. 11 REYNOLDS 
NUMBER BEFORE FILTER, PAGE 24//FIG. 13 PERCENT RECOVERY OP 
HEXADECANE AFTE3 SPARK IGNITION, PAGE 28//TAB.I RESULTS OF CQ(2) 
FILTRATION RUNS, PAGE 17/ /TAB. II RSC0VE9Y OF N- HEXADECANE FROM 
HYDROCARBON IGNITION TESTS, PAGE 29 
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PORCH CONTRACT 10. IF 33 <616) -6730. AIR PRODUCTS, INCORPORATED , 
ALLENTOWN, PBIiSYL 7ANIA// B1ILET, B. ft. AND 7IGNAL 8, 7. J., STUD ? 
OF LIQUID OXYGEN C0MTABI1ATI08 , PROGRESS REPORT 10. 2, DATED 

JANUARY 1960, AIR FORCE CONTRACT NO. AP 33(6 16) -6730. AIR 
PRODUCTS, INCORPORATED, ALLSITORR, PENNS YL7 A HI A// BAILEY, B. B. 
AND 7IGNALE , 7. J. , STUDY OF LIQUID OXYGEN CONTINUATION , PROGRESS 
REPORT NO. 3, DATED APRIL 1960, AIR FORCE CONTRACT HO. AF 
33 (616) -6730. AIR PRODUCTS, INCORPORATED, ALLS a TO BN , 

PENNSYLVANIA// BAILEY, B. It., ST8RHBR, C. <1. AND VIGNALE, 7. J. , 
STUDY OF LIQUID OXYGEN C0NT1HIHAII0H, PROGRBSS REPORT NO. 4, DATED 
JULY 1960, AIR FORCE CONTRACT AF 33 (616J-6730. AIR PRODUCTS, 
INCORPORATED, ALLENTOWN, PENNS YL7 AN IA//ENT, V . 1 . , SAMPLING AND 
ANALYSIS OF LIQUID OXYGEN, SUPPLEMENT TO SUMMARY PROGRBSS REPORT 
NO. 4, AIR FORCE CONTRACT NO. AP 33(6 16) - 30. AIR PRODUCTS, 

INCORPORATED, ALLENTOWN, PENNSYLYA NI A//LBSDBR , J. C. AMD WILLIAMS, 
C. L., INTERIM STANDARDS POR LIQUID OXYGEH SYSTEMS, STL/3 MD , 
AFHTC, MAY 8, 1 959//PA L18H , K. N., SELECTED ASPECTS OF GAS AND 
7AP0R EXPLOSIONS, PROGRESS REPORT NO. 38, JOUR. 18 ST. POEL 29, 
293, 1956. 
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-ABSTRACT- 

NUMEROUS ASPECTS OP CRYOGENIC PLANT SAFETY ARE REVIEWED. THE 
I H PORTA NCE OF PLANT STARTOF HAZARDS ARE DISCUSSED, »ITH SPECIAL 
EMPHASIS BEING GI7EN TO USING AN EXPERIENCED -D£E81TI»G -CSSS,- 
CHECKING EMERGENCY EQUIPMENT, CLEANING OUT INITIAL PIPING 
CONTAMINATION, AND THE INITIAL OPERATING EQUIPMENT CHECKOUT. 
SPECIFIC TOPICS 3? PLANT SAFETY DISCUSSED APE TOTAL HYDROCARBON 
AND ACETYLENE CONTAMINATION, ACETYLENE SOLUBILITY, AND 
CONTAMINATION LIMITS, CONTAMINATION MONITORING, LOX STORAGE TANK 
CLEANING METHODS AND CRITERIA, AND THE USB OF NON - SPAR KING TOOLS 
IN OXYGEN ENRICHED AND HYDROGEN ENVIRONMENTS. TSE HAZARDS 
SNUMEBATED ARE BRIEFLY DISCUSSED AND THE EXISTING OPERATING POLICY 
OF THE AIR PRODUCTS COMPANY TOWARD MINIMIZING THESE HAZARDS IS 
G£ YEN. 


-PERTINENT PIGORES- 

TAB. 1 MON ITORING FOR CONTAMINANTS PAGE 43 
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CRYOG. SAFETY CONP. , PROC. OF., SESSION 4, 41-3, ALLEBT03B, 
PA., JUL 1959 
PUBLISHER - 

AIR PRODUCTS, INC., ALLENTCHN, PA. 
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-ABSTRACT 


MANY OF TH2 PROBLEMS ASSOCIATED WITH CONTAMINANTS IN AIR 
SEPARATION PLANTS ARE DISCUSSED, THE SOURCES OF CONTAMINATION, THE 
TOLERABLE NORMAL OPERATING LIMITS, THE MAXIMUM SAFE OPERATING 
LIMITS, AND REMEDIAL PROCEDURES TO BE TAKEN WHEN TH3 MAXIMUM LIMIT 
IS EXCEEDED. THE RELATIONSHIP BETWEEN THE GAS PHASE FLAHMABILiTT 
LIMITS OF FUEL-0 IYG.2N MIXTURES SOLUBLE OR SOLID FUEL CONTAMINANTS 
IN LIQUID OXYGEN ARE EFICFLY DISCUSSED. THE EQUILIBRIUM 

SOLUBILITIES OF NITRIC OXIDE, NITROGEN DIOXIDE, THE LIGHTER 
SATURATED AND USSATURATED HYDROCARBONS, AND ACETYLENE IN LIQUID 
OXYGEN ARE GIVEN. THE LOWER PLAMMABILITY LIMITS OF THE LIGHTER 
HYDROCARBONS IN GASEOUS OXYGEN ARE GIVEN. DESIRABLE LOCATIONS FOP 
CONTAMINATION SAMPLING POINTS, AND PLACES WHERE CONTAMINANTS WOULD 
BE MOST LIKELY TO CONCENTRATE IN AN AIR SEPARATION PLANT ARE 
GIV2N. THE PURIFICATION ROLES OF ADSORBERS , DRYERS , PURIFIERS, 
SCRUBBERS, FILTERS, HEAT EXCHANGERS, INTERCOOLERS, A FTERCOOLB R S * 
AND H3GENEBATORS POR REMOVING CONTAMINANTS IN A TYPICAL AIR 
SEPARATION PLANT PROCESS APE DISCUSSED. SPECIAL PROBLEMS 

ASSOCIATED WITH OZONE, NITRIC OXIDES, AND ACETYLENE ABE REVIEWED. 
PRECAUTIONS. TO BE. TAKEN WHEN SHUTTING DOWN A PLANT BECAUSE OF 
EXCESSIVE CONTAMINATION AND ASSOCIATED CONTAMINATED FLUID DISPOSAL 
ARE DISCUSSED. THE AP7ICLE PRESENTS A CONCISE, GENERAL PICTURE OP 
THE CONTAMINATION PROBLEMS ASSOCIATED WITH AIR SEPARATION PLANTS. 


-PER i'INBNT FIGURSS- 

FI3.1 SOLUBILITY 0? SATURATED HYDROCARBONS IH LIQUID OXYGEN, PAGE 
71 //FIG. 2 SOLUBILITY OF UNSATURATED HYDROCARBONS IN LIQUID OXYGEN, 
PAGE 72//FIG. 3 BOSC IRC UL* TI NG OXYGEN SYSTEM, PAGE 73//FIG. 4 
CIRCULATING OXYGEN SYSTEM, PAGE 74//PIG.5 SIMPLIFIED PLOW DIAGRAM, 
TYPICAL HIGH PRESSURE AIR SEPARATION PLANT, PAGE 76//TAB. 1 GAS 
PHASE FLAMMABLE LIMIT-CARBON ATOM APPROXIMATION, PAGE 70 


-SOURCE IN POFM ATION- 

CORPORATE SOURCE - 

MR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. 


PAG 

1 0QR quality 


IS 


34 



JOURNAL PROCEEDINGS - 

CSYOG. SAFETY CONP., PROC. OF., SEHINAR NO. 2, 69-78, 

ALLENTOWN, PA., TO L 1959 
PUBLISHER - 

AIR PPODUCTS, INC., ALLENTOWN, PA. 

OTHER IN FORMATION - 

0010 PAGES, 0005 FIGURES, 0003 TABLES, 0000 REFERENCES 



35 



keys 5«6 through 553 


SAFETY ASPECTS OP RECONSTRUCTED ICI TONNAGE OXYGEN PLANT 

ky 

MATTHEWS, Si. D. 

OWEN ,5 ,G . 

00/00/63 


SECURITY CLASS 
U/Unrestr icted 


ACCESS LEVEL 
0 nlimited 


REPORT CLASS 
Suaaary 


ENTRY EVAL. 
Good/E reel. 


-ABSTRACT- 

ON 2 1ST APRIL, 1959, A SERIOUS EXPLOSION OCCURRED IN THE TONNAGE 
OXYGEN PLANT AT THE WORKS OF IMPERIAL CHEHICAL INDUSTRIES LIMITED 
AT BILLINGHAH-ON-TEES , ENGLAND, DURING THE COMMISSIONING 
PROCEDURES. THE EXPLOSION CAUSED THREE DEATHS, AND EXTENSIVE 
DAMAGE BOTH TO THE PLANT AND TO NEARBY FACILITIES. A COMPREHENSIVE 
AND DETAILED INVESTIGATION WAS UNDERTAKEN JOINTLY BY AIR PRODUCTS 
LTD. AND ICI, AND EXPEFT ASSISTANCE WAS ALSO PROVIDED FROM 
INDEPENDENT SOURCES. WHILE THE INVESTIGATION CONCLUDED THAT THE 
CONSTITUENTS OF THE EXPLOSIVE MATERIAL WERE HYDROCARBON OIL FROM 
THE LUBRICATING SYSTEM OF THE TURBO EXPANDERS AND LIQUID OXYGEN 
FROM LEAKING PIPE JOINTS IN THE COLD BOX, A CRITICAL REAPPRAISAL 
(IN THE LIGHT OF THE GROWING KNOWLEDGE OF THE HAZARDS ASSOCIATED 
WITH AIR SEPARATION PLANTS) OF ALL ASPECTS OF PROCESS AND 
ENGINEERING DESIGN , FABRICATION AND ERECTION, WHICH COULD BE 
REGARDED It) ANY WAY AS BEING POTENTIALLY HAZARDOUS, WAS UNDERTAKEN 
BY ICI AND A 1 *’. PRIOR TO AND DURING THE RECONSTRUCTION OF THE 
PLANT. AT TH. SAME TIME, AIR PRODUCTS LTD. INTRODUCED CERTAIN 
IMPROVEMENTS RELATING TO THE CYCLE, THIS ■' PAPER, HOWEVER, IS 
CONFINED TO CONSIDERATION ONLY OF THOSE CHANGES WHICH WERE 
RELEVANT TO SAFETY. 


-PERTINENT FIGURBS- 

PIG.9 FINAL DESIGN CP LOX JOINT, PAGE 9//FIG. 10 STRESS VARIATION 
IN LOX FLANGE BOLTS DURING COOLING CYCLES, PAGE 9 
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PUBLISHER - 

AMERICAN INSTITUTE OF CHEMICAL E NGI NEE RS , NEW YORK 
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-ARSTRACT- 

THE MAJOR RAZAPD COVERED IN THIS ARTICLE IS ENCOUNTERED BECAUSE OF 
OXYGENS AFFINITY FOR HYDROCARBONS. THE HYDROCARBON HAZARD- -I S S3T '• - 
CONFINED TO EXTERNAL SOURCES OF CONTAHINANTS ALONE. THE REASON 
FOR DISPOSING OF THE LIQUID MAY BE A HIGH HYDROCARBON 

CONCENTRATION WITHIN THE OXYGEN OF THE MAIN RE BOILER ITSBLP. THIS 
PROBLEM IS NOT LIMITED TO THE DISPOSAL OF LIQUID OXYGBN ALONE. IN 
I HE DRAINING OF OXYGEN-RICH LIQUIDS, OR EVEN AIR, SLOW EVAPORATION 
IN A POT HILL GRADUALLY ENRICH THE OXYGEN CONTENT. OXYGEN PURITIES 
ABOVE 98 PERCENT ARE READILY ATTAINABLE, AS THE LAST LIQUID 
VAPORIZES, IF THE BOILING IS SLOB ENOUGH FDR EQUILIBRIUM 

CONDITIONS TO EXIST. THUS, THE HERE PRESENCE OF NIT HOG PH IN THE 
LIQUID DOES NOT ELIMINATE THE HAZARD *QR PERMIT CARELESS DISPOSAL 
TECHNIQUES. ON THE CONTRARY, WHERE TRANSFER LINE GEL TRAPS OR 
THEIR EQUIVALENT ARE USED, THE OXY GEN-MCH LIQUID TAKEN BEFORE THE 
TRAPS MAY PRESENT A PAR GREATER DISPOSAL HAZARD THAN THE CLEAN 
LIOUID OXYGEN FROM THE REEOILER. THIS GREATER HAZARD BEING CREATED 
BY CONCENTRATING BOTH THE HYOPOCARBOHS AND THE OXYGEN AS THE 
LIQUID EVAPORATES. THE FIRST ITEM IN ANY LIOUID DISPOSAL SYSTEM 
THAT MUST BE CONSIDERED IS THE DESIGN OF THE LIQUID DRAIN PIPING 
FROM THE MAIN OXYGEN REBCILER OR OTHER VESSEL TO THE POINT OF 
LIQUID DISPOSAL. THERE ARE A FEW GENERAL CONSIDERATIONS TO BE KEPT 
IN MIND DUPING THE DESIGN OF THIS PIPING, AND THESE ARB DISCUSSED. 
SEVERAL METHODS OF DISPOSING OF THE LIQUID OXYGEN HAVE BEEN TRIED 
IN THE PAST YEARS INCLUDING THE USE OF LARGE TANKS, GRAVEL-FILLED 
DRAIN PITS, AND VARIOUS STYLES OF HEAT EXCHANGERS. WHILE CLEAN 
TANKS HAY bE CONSIDERED A. SAFE MEANS OF HOLDING THE LIQUID UNTIL 
IT VAPORIZES FROM NATURAL OR SUPPLIED HEAT LEAK, UNDER SOME 
CONDITIONS THE GRADUAL CONCENT R AT ION OF , HY DROCAH BON S, PARTICULARLY 
ACETYLENE, CAN MAKE THIS METHOD POTENTIALLY DANGEROUS. THIS HAZARD • 
IS MOPE SEPIOHS WITH CONTAMINATED OXYGEN-RICH LIQUIDS SINCE THE 
SLOB BOILING - INCREASES BOTH THE OXYGEN AND HYDROCARBON 
CONCENTRATIONS. THIS METHOD HAS HAD A FAIRLY GOOD SERVICE RECORD, 

BUT IT SHOULD BE AVOIDED WHERE POSSIBLE. THE BEST METHOD OF 
VAPORIZING LIQUID OXYGEN IS IN A VAPORIZER IN WHICH THE OXYGEN IS 
FLASHED TO GAS AT AHEISNT OR HIGHER TEMPERATURE. THIS ENSURES THAT 
THE HYDROCARBONS, AND ESPECIALLY ACETYLENE, ARE ALSO VAPORIZED 
INSTANTANEOUSLY AND CANNOT ACCUMULATE TO HAZARDOUS PROPORTIONS. 

THE METHOD IS DETAILED IN THIS ARTICLE. 
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-ABSTRACT- 

rais IS A TRANSCRIPT OF AN AIR SEPARATION PLANT SAFETY SYMPOSIUM 
CONVENED AT THE A.I.CH. 6 . NATIONAL MEETING IN ST. PAUL, MINNESOTA . 
rOOCHED ON IN THIS SHORT ARTICLE ARE CONTAMINATION LIMITS AND 
ANALYSIS, THE NAVY CRYOGENIC SAMPLER, AND SOME TRIVIAL COMMENTS ON 
NITROGEN OXIDES IN LIQUID OXYGEN. 


-PERTINENT PIGUBES- 

FI3. DETAILS ON SAMPLER PREPARATION, PAGE 7 


-SOURCE INFORMATION- 

CORPORATE SOORCE - 
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-ABSTRACT- 

T8E HISTOPY 0? OPERATION OF AIR SEPARATION PLANTS FOP - : THE- ■ 
PRODUCTION OF OXYGEN HAS BEEN RELATIVELY FREE OF EXPLOSIONS AND 
SIMILAR SUCH ACCIDENTS PRIMARILY DUE TO CAREFUL ATTENTION TO SAFE 
OPERATING PRACTICES AND SAFE DESIGN OF PLANTS. THERE HA V2 BEEN A 
NUMBER OF SERIOUS ACCIDENTS AND EXPLOSIONS HOWEVER, PARTICULARLY 
IN RECENT YEARS IN SOME CF THE LARGER PLANTS THAT OPERATE 
CONTINUOUSLY. THESE HAVE BEEN DUE MOSTLY TO EXCESSIVE LEVELS OF 
ACETYLENE OR OTHER HYDROCARECN CONTAMINANTS. STUDIES HAVE REVEALED 
THAT BREAKDOWN OF LUBRICATING OILS IN THE COMPRESSOR OR EX PANDER 
AND RELATED CONTAMINATION OF THE AIR STREAM HAS LEAD TO EXCESSIVE 
HYDROCARBON LEVELS IN THE LIQUID OXYGEN. PROPER PLANT DESIGN AND 
OPERATING PROCEDURES CAN ESSENTIALLY ELIMINATE EXPLOSIONS AND 
ACCIDENTS IN LIOUTD AIR PLANTS. INCLUDED IN THE PAPER ARB SAFETY 
PLANT DESIGN FEATURES, SAFE OPERATING PRACTICES AND EXAMPLES OF 
CONTAMINATION LEVELS ANO THEIR CONTROL. 

■J* 


-PERTINENT FIGIJPES- 

FI3.2 ACETYLENE AND HYDROCARBON CONTENT VS WIND DIRECTION, PAGE 
5//FIG.3 STANDARD PLANT - NO AUXILL ARY VAPORIZER, PAGE 7//FIS.4 
STANDARD PLANT ■ WITH A U JI LLAR Y VAPORIZER, PAGE 8//PIG.5 

FORCED-FEED, >FI LH TYFE V APORIZER, PAGE 6 
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-ABSTRACT- 

T HIS ARTICLE TRACES THE HISTORY OF THE DEVELOPMENT OF AIR 

SEPARATION PLANTS RELATIVE TO SAFETY FROM EXPLOSIONS DOE TO 

CONTAMINANTS THAT PEACT WITH OXYGEN. A TABLE OP AB00T 25 COMMON 
CONTAMINANTS IN AN AIR PLANT SHOWS THE NORMAL BOILING AND FREEZING 

POINTS. ANOTHER TABLE SHOWING THE SOLD BIL ITY LIMITS OF HOST OF 

THESE CONTAMINANTS IS ALSO GIVEN. THE EXPLOSION CR ARACT E8IST ICS 
AND FLAMMABILITY LIMITS OS SEVERAL OF THE CONTAMINANTS IN LIQUID 
OXYGEN APE DISCUSSED. METHODS OF CONTAMINATION LEVEL CONTROL OP 
REMOVAL ARE MENTIONED. ALSO DISCUSSED ARE METHODS OF PREVENTING 
EXPLOSIONS. EXPERIMENTAL EXPLOSION TEST DATA IS. GIVEN. CONTINUOUS 
HYDROCARBON ANALYSIS IS RECOMMENDED. 
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FiG. 1 METHANE- LIQUID OXYGEN PHASE SYSTEM, PAGE 11//FIG.2 
ETHANE-LIQUID OXYGEN PHASI SYSTEH, PAGE 11//FIG.3 EXPLOSION 
TESTING APPARATUS, PAGE 17// FIG. 4 SCHEMATIC DIAGRAM OF CONTINUOUS 
TOTAL HYDF3CAPBON ANALYZER, PAGE 15// FIG. 6 SAMPLE STBIP CHART 
FROM ANALYZER SHOWING OPERATING CYCLE, PAGE 17// TAB . 1 PROPERTIES 
OF SOME AIR CONTAMINANTS, PAGE 11//TAB.2 SOLUBILITY OF VARIOUS 
MATERIALS IN LIQUID OXYGEN, PAGE 11//TAB.3 GAS PHASE FLAMMABLE 
LIMIT - CARBON ATOM APPROXIMATION, PAGE 15//TAB.4 FLAMMABILITY AND 
QETONABILITY LIMITS - GASES, PAGE 15//TAB.5 EXPERIMENTAL EXPLOSION 
TEST DATA, PAGE 14// TAB. 6 TYPE OF CONTAMINANT ANALYSES,, PAGE 17 
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keys 2079 thrcmqh 2080 
LONG-TERM STORAGE 0? LIQUID OXYGEN 


-ABSTRACT- 

WHSS LIQUID OXYGEN IS STORED, THE ONLY REAL HAZARD IS PRESENTED BY 
THE GRADUAL ACCUMULATION OF ACETYLEH2 OVER A LONG PERIOD OP TIME. 
IF ON-SITE STORAGE TANKS WERE FILLED AND TOPPED OFF WITH LIQUID 
0XT3BN THAT HAD 0.5 FARTS PEP MILLION (PPH) OR LESS ACETYLENE, THE 
CONTINUOUS INCREASE IN ACETYLENE CONCENTRATION WOULD NOT BECOME 
HAZARDOUS FOR THREE YEARS. THE EFFECT DEPENDS NOT ON THE SIZE OF 
TH2 STORAGE FACILITY, BUT RATHER ON THE HEAT-LEAK LOSSES. THE 
THREE-YEAR SAFETY PERIOD ASSUMES A HEAT-LEAK LOSS OF 0.4 PERCENT 
PER DAY. THERE ARE THO EXCELLENT HAYS TO EXTEND THE PERIOD OF SAFE 
OPERATION. THE PIRST METHOD PREVENTS ACETYLENE BUILD-UP BY 
PURIFYING THE LIQUID OXYGEN INTRODUCED INTO THE STORAGE TANK 
DURING THE TOPPING OPERATION. THE STORAGE TANK SHOULD BE FILLED 
INITIALLY WITH LIQUID OXYGEN CONTAINING 0.5 PPH OF ACETYLENE. 
THEREAFTER, EACH MONTHLY AIDITION SHOULD BE PASSED THROUGH A 
14-POUND SILICA-GEL BED AT A FLOW RATE OP 700 GPH , THEREBY 
ELIMINATING ACETYLENE AND ETHYLENE FROM THE ADDED LIQUID OXYGEN. 
LARGER SILICA-GEL BEDS WOULD OBVIOUSLY PROVIDE HIGHER FLOW RATES. 
THE SILICA-GEL BED CAN GENERALLY EE ADDED AS AN APPENDAGE TO THE 
CURRENT LIQUID-OXYGEN LOADING CONNECTIONS. SHOULD THIS PROCEDURE 
BE USED, THE INITIAL CONCENTRATION OF ACETYLENE HILL SEVER BE 
INCREASED OR DECREASED. MOREOVER, ONE NEED NOT BE CONCERNED ABOUT 
EXCESSIVE LOSSES DUE TO BOIL-OFF DURING PURIFICATION, SINCE HOST 
OF THE LIQUID OXYGEN WOULD BE EITHER IN THE TRAILER OR IN THE 
STORAGE FACILITY. THE £bCOVD METHOD OSES SHALL QUANTITIES OP 
FLUORINE. IT IS BET IBVED THAT LESS THAN 0.5 PERCENT OP FLUORINE 
ADDED TO THE LIQUID OXYGEN ENTERING THE TANK WOULD REACT 
PREFERENTIALLY WITH ACETYLENE, AND ?ORH INERT, SOLUBLE PHEONS. THE 
SPECIFIC IHPULSE OP THE FUEL WOULD NOT BE AFFECTED BECAUSE THE 
FLUORINE WOULD BE USED UP' BY CH8HICA L REACTION WITH THB ACETYLENE, 
AND BY VERY SLOW EVAPORATION WITH THE GASEOUS OXYGEN LOST FROM THB 
TANK. EXPERIMENTS SHOULD BE CARRIED OUT IN THE LABORATORY TO 
DECIDE WHETHER THE ADVANTAGES OF TOTAL ELIMINATION OP THE 
ACETYLENE WOULD OFFSET THE DISADVANTAGES OF HANDLING PLOORINE. 


,- PERTINENT FIGUHES- 

FI3.1 ACCUMULATION OF ACETYLENE IN LOX • STORAGE TANKS, PAGE 
9//FIG.2 ACCUMULATION- OF ETHYLENE IN LOX STORAGE TANKS, PAGE 
10//PIG.3 POSSIBLE CHROMATOGRAPHIC DETECTION OF CONTAMINANT 
COBCE NTFATI ON IN STORED'* LOX, PAGE 14//FIG.4 DECONTAMINATION OF LOX 
OH SITE, PAGE 20//TA B . 1 CQNTA HI NA NTS OP INTEREST IN LIQUID OXYGEN, 
PAGE 5 //TAB. 2 POSS I E LE , CONCENT RAT ION OF ACETYL EN E, ETHYLENE AND 
MaTHANE IN LOX, PAGE 6 ; 
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PRESENT 5TATUS OP THE HYDROCARBON SITUATION IN AIR 

SEPARATORS 

by 

KA RWAT,I.E. 

.00/00/63 


ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

Unliaited Incremental Acceptable 


-AUTRACT- 

THE TITLE OF THIS PAPER PRESENT STATUS CP THE HYDROCARBON 
SITUATION IN AIR SEPARATORS APTLY DESCRIBES ITS CONTENT. AVERAGE 
AND MIXIHUK VALUES FOUND IN 85 SAMPLES DRAWN FROM THE AIR IN 16 
INDUSTRIAL PLANTS ARE GIVEN. IN THZ LIGHT OP THESE PIGORES AND 
RECENT EXPERIENCE IN THE FIELD, THE OPERATION OP AIR SEPARATION 
PLANTS IN GENERAL IS CONSIDERED TO BE OP HIGHER INHERENT SAFETY 
Id A N PREVIOUSLY THOUGHT. HYDROCARBON CONCENTRATIONS FOR CRITICAL 
COMPONENTS IN SEVERAL DIFFERENT PLANTS ARE PRESENTED, VAPORIZER 
AND ADSORBER OPERATIONS AND CHARACTERISTICS ARE DISCUSSED, AND A 
GOOD REPRESENTATIVE SAMPLING METHOD IS OUTLINED IN THE PAPER. 


SECURITY CLASS 
U/Unrestricted 


-PERTINENT PIGURES- 

FIG.1 AIR SAMPLE TAKING IN THE PLANT AREA, PAGE 43//FIG. 2 
RECYCLING OF SURPLUS LIQUID PROM AN ADDITIONAL VAPORIZER, PAGE 
45//FIG. 3 FILTER AND ADSOR3EP IN A VAPORIZER CIRCUIT, PAGE 
46//PIG.4 CONCENTRATION CROP OF VARIOUS HYDROCARBONS IN GAS PHASE 
ADSORPTION. 13 DAYS AFTER START, PAGE 46// FIG.5 SAMPLING 
ARRANGEMENT FOR LIQUID GASES, PAGE 47//TAB. 1 HYDROCARBOB 
CONCENTRATION IN AIR SAMPLES FROM VARIOUS PLANTS, PAGE 44//T AB. 2 
HYDROCARBON CO NCENT RAT ION IN LIQUID AND GASEOUS OXYGEN, PAGE 45 


SOUPC.E INFORMATION 


CORPOFATE SOURCE - 

GBSEILSHAFT FUR LINDES EISHA5CHIHEN AKTIENGESELL SCHAFT, WEST 
GERMANY . « . . 

JOURNAL PROCEEDINGS - 

SAFETY IN AIR AND AMMONIA PLANTS, VOL 5, 43-7 (1963) (PRES. 
AT A.I.CH.E. NAT. SYMP. , 48TH, DENVER, COLQ.,' AUG 26-9, 

1962) 

OTHER INFORMATION - ; 
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THE BEH AVI 00 R OF CONTAMINANTS IN AN AIR SEPARATION PLANT 


original page r- 

0F p 00 R QUALITY 


by 

JONES, H. H. 
SEFTCN, V. 3. 

00/00/62 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

^/Unrestricted Unliaited" Summary Good/Excel. 


-ABSTRACT- 

IN CONSIDERING THE RESULTS OF THE ANALYTICAL PROGRAM, IT IS 
APPARENT THAT THERE IS MUCH TO BE LEARNED CONCERNING THE 
CONTAMINANT PROBLEM IN AIP SEPARATION PLANTS. IN PARTICULAR, THERE 
IS A NEED FOR GREATER KNOWLEDGE OF THE PHYSICAL AND CHEMICAL 
PROPERTIES OP CONTAMINANTS AT LOW TEMPERATURES, THE EFFECT OF 
IRREGULAR VARIATION IN PROCESS OPERATION AND THE ABILITY OF 
PROCESS EQUIPMENT TO MINIMIZE THE EFFECT OF WIDE VARIATIONS IN AIR 
POLLUTION CONDITIONS. WITH THE CONTINUED IMPROVEMENT OF ANALYTICAL 
PROCEDURES AND INSTRUMENTATION, A MORE DETAILED APPRAISAL OF THESE 
PROBLEMS SHOULD BE OBTAINED. FROM THE PRESENT ANALYTICAL STUDY A 
NUMBER OF GENERAL CONCLUSIONS HAY 3E DRAWN. IN PART, THERE IS : 
ALREADY AN APPRECIATION IN THE INDUSTRY OF SOME OF THESE FACTORS. 
1, THE EFFICIENCY OF CONTAMINANT REMOVAL BY AIP HEAT EXCHANGERS 
CANNOT BE PREDICTED SOLELY ON THE 3ASIS OP CONTAMINANT VAPOUR 
PRESSURE DATA. 2. THE EFFICIENCY OF CATALYTIC FILTERS IS REDUCED. 
AT LOW CONCENTRATIONS. 3. RICH -LIQUID SILICA GEL FILTERS ARE VERY 
EFFECTIVE IN REMOVING SHALL QUANTITIES OF ACETYLENE BUT ARE ONLY 
PARTIALLY EFFECTIVE IN REMOVING C( 3) -C (5) PARAFFINS. THEIR 
EFFECTIVENESS FOR THE LATTER IS FURTHEP REDUCED BY THE PRESENCE OF 
LARGE AMOUNTS OF CARBON DIOXIDE AND NITROUS OXIDE ON THE FILTER. 
4. THERE IS CONSIDERABLE PRCBABIL ITY THAT SOLID ACCUMULATIONS ,OF 
CONTAMINANTS WILL OCCUR ON THE WALLS OF VAPOURIZERS EVEN THOUGH 
THE AVERAGE CONCENTRATION IN THE BULK LIQUID PHASE IS WELL BELOW 
THE SOLUBILITY LIMIT. IN THE CASE OF AUXILIARY VAPOURIZERS, 
SIGNIFICANT QUANTITIES MAY BE DEPOSITED AT QUITE LOW INTAKE 
CONCENTRATIONS OVER A ONE-MONTH PERIOD. THIS EMPHASIZES THE NEED 
FOB REGULAR DEFINING OF THESE UNITS. 


. • -PERTINENT FIGURES- 

‘ FIG. 1 WEEKLY VARIATION OF CONTAMINANTS ON RICH LIQUID PILTER, PAGE 
. 39// TAB. 1 CONCENTRATION OP CONTAMINANTS IN PROCESS STREAMS, PAGE 

•! .V-4 0//TA3.2 CONTAMINANTS HELD ON WALLS OR REGENEPATORS (EXCLUDING 
H ( 2} 0 AND CO ( 2) ) , PAGE 40//TAB.3 CONTAMINANTS HELD ON WALLS OF 
MAIN VAPOURIZER, PAGE 41// TAB.4 CARBON DIOXIDE AND NITPOD5 OXIDE 
DEFINED, PAGE U1//TA3.5 ACETYLENE AND OXIDES OF NITROGEN DERIM ED, 
PAGE 42//TAB.6 C(3)-C(5) HYDROCARBONS DERIHED, PAGE 42//TAB.7 
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CONSTITUENTS IN C(3) -C<5) HTDR0CAR30N FRACTIONS, PAGE 42 


-BIBLIOGBAPKT- 

3. T. BRIGHT, CHEH. ENG, PEOG. 57, NO. 4, 45-48 (1961) //J. 8. 

BIHK EL AN 0 IN D J. H. SHAN, J. OPT. SOC. MIES. 49, 637-638 

(1959) //E. K ABB AT, CHEH. ENG. PROG. 57, BO. 4 , 41-45. (1961)//A. 

C. T. HSO AND C. MCKINLEY, CHEH. ENG. PROG. 56, NO. 2, 80, (I960) 


-SOORCE INFORMATION-. 

CORPORATE SOURCE - 

ONTARIO RESEARCH POUNEATION, TORONTO 
JOUBNAL PROCEEDINGS - 

SAFETY IN AIR AND APHONIA PLANTS, VOL 4, 39-43 (1962) (PRES. 
AT A.I.CH.2. NAT. SYHP., LAKE PLACID, N. Y. , SEP 24-7, 1961) 
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OXYGEN PLANT VAPORIZES EXPLOSION 
by 

BRIGHT, G.T. 

04/00/61 


SECURITY CLASS 
0/Unrestr icted 


ACCESS LEVEL 
0 nLinited 


REPORT CLASS 
Increaental 


ENTRY EVAL. 
Good /Excel, 


-A3STRACT- 

AN EXPLOSION OCCURRED IN THE VAPORIZER OF A LIQUID AIR SEPARATION 
PLANT AT THE DOMINION FCONDARIES AND STEEL, LTD, HAMILTON, 

ONTARIO, SEPT. 30 , 1959. T:iE AUTHOR DESCRIBES THE AIR 

LIQHEr ICATION , PURIFICATION AND SEPARATION CYCLE BRIEPLY AND THEN 
SPECULATES ON THE CAUSE OF THE EXPLOSION. AN EXCESSIVE 
ACCUMULATION OF ACETYLENE IN THE VAPORIZER DUE TO EXCESSIVE 
HARMING OF THE REG2NERATOP IS BELIEVED TO HAVE CAUSED THE 
EXPLOSION. THE SOURCE OF THE CONTAMINANT HOST LIKELT CAME FROM 
NEARBY Core OVENS'. LARGE VOLUMES OF CO(2) HEBE ALSO PRESENT. THE 
DAMAGE TO THE PLANT IS ILLUSTPATED AND DESCRIBED BRIEFLY. ^H ANY 

CORRECTIVE MEASURES HERE HADE TO THE PLANTS AND IN THE OPERA'TING 

PROCEDURES. SAFETY ALARMS AND PURIFICATION TESTS HERE ADDED. THE 
PAPER IS PRIMARILY CONCERNED H IT H SAPETY. 


-PERTINENT FIGURES" 

TAB. 1 ACETYLENE CONTAMINANT LEVELS IN PLANT OPERATION, PAGE 
11//TAB.2 CONTAMINANTS ON THE BICH-LIQOID AND LIQUID OXYGEN 
FILTERS IN NO. 2 AND NO. 3 PLANTS, PAGE 11 


-SOURCE IN FORMATION- 

CORPORATE SOURCE - ; i /V 

. DOMINION FOUNDRIES AND STEEL LTD., CANADA 
JOURNAL PROCEEDINGS - 

CHEH. ENG. Pf OG. , VOL 57, NO. 4, APR 1961 (PRESENTED AT TULSA 
SYMP OF A.I.SH.E. IN TULSA, OKLA. , SEP 25-8, 1960 REPRINTED 
IN AIR AND AMMONIA PLANTS, ; VOL 3, 9-12) . v ~ ; 
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SAPETY ASPECTS OP MODERN AIR SEPARATION PLANT CYCLES 

by 

KERRY, F.G. 

04/00/57 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

a/Unrestricted Unlimited Suaaary Acceptable 


-ABSTRACT- 

T H IS PAPER BRIEFLY DESCRIBES SOME OF THE MODERN AIR SEPARATION 
PLANT CYCLES SUCH AS THE MEDIUM PRESSURE, LOB PRESSURE AND HIGH 
PRESSURE CYCLES RELATIVE TO SAFETY IS DESIGN AMD OPERATION. 
PARTICULAR EMPHASIS IS PLACED ON THE CONTROL AND REMOVAL OF 
CONTAMINANTS THAT COULD REACT V IT H OXYGEN I? THE CONCENTRATION 
LEVELS BECOME EXCESSIVE. THE SOLUBILITY OP HYDROCARBONS AND 
ACETYLENE APE ILLUSTRATED. THE USE OP SILICA GEL FILTERS POR 
CONTAMINANT REMOVAL IS DESCRIBED. 


-PERTINENT PIGUPES- 

FIS.1 SCHEMATIC FLOW DIAGRAM OF A STANDARD MEDIUM P8BSS0RE AIR 
SEPARATION PLANT, PAGE 181//FIG.2 SCHEMATIC PLOW DIAGRAM OP * A 
STANDARD LOW PRESSURE AIR SEPARATION PLANT, PAGE 182//PIG. 3 
SOLUBILITY OF ACETYLENE IN LIQUID OX V GEN AMD NITROGEN, PAGE 
183//FIG. 4 ACETYLENE REMOVAL CAPACITY OF SILICA GEL PILTE-RS 
CONTAMINATED. WITH FOREIGN MATTER, PAGE 183//PIG.5 SCHEMATIC PLOR 
DIAGRAM OF A HIGH PRESSURE AIR SEPARATION PLANT, PAGE 183//FIG*6 
SCHEMATIC F LOH DIAGRAM OF THE DOUBLE CYCLE AIR SEPARATION PLAHT, 
PAGE 184// PIG>7 FREQUENCY DISTRIBUTION CURVE FOR SOLUBILITY OF 
VARIOUS HYDROCARBONS IN. OXYGEN, PAGE 183 


• ' -BIBLIOGRAPHY - 

KERRY, F„' G. , CHEW. ENG. PROGR., 52, 11, 441-447 ( 1956) //MCKINLEY, 
C. AND HINW £L BEPGER , CHEW. ENG. PROGR., 53, 3, 112-N-121-H 

(1957) //FEDOROV A, M. , J. PHYS. CHEM. (U.S.S.R.), 14, 422-6 

(1940) 


-SOURCE INFORMATION- 

CORPORATE SOURCE - ' * 

AMERICAN AIR LIOOIDE, INC., NEW YORK, N. Y. 

JOURNAL PROCEEDINGS - 

CHEM. ENG. PROG. VOL 53, NO. 4, 181-4 (APR 1957) (REPRINTED 
IN SAFETY IN AIR AND AMMONIA PLANTS VOL 1, 20-3) 
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RESEARCH STUDY OF LIQUID OXYGEN CONT AH INATIQN, PROG. RBPT. 

1 


by 

BAILEY, B.M. 
VIG NA LE , V. J. 

10/00/59 


SECURITY CLASS ACCESS LEVEL REPORT CLASS EKTRY EV AL. 

C/Confidential GcTt. /Ccntr. Incremental Acceptable 


-ABSTRACT- 

(UN CLASSIFIED) THE OBJECT OF THIS PROG FA M IS THE R ECO RUE HD ATI ON OF 
REALISTIC S PE Cl PI CATIONS FCP PROCUREMENT AND USE OF LIQUID OX Y GEN 
IN MISSILE OXYGEN-SUPPLY -SYSTEMS. THESE SPECIFICATIONS HILL BE 
BASED ON THE ANALYSIS OF EXISTING KNOWLEDGE AND THE DEVELOPMENT OF 
FURTHER INFORMATION CONCERNING THE RELATIONSHIPS BETWEEN THE 
MISSILE OXYGEN-SUPPLY-SYSTEM FUNCTIONS AND THE LIQUID OXYGEN 
PURITY. EACH STEP IN THE MISSILE OXYGEN-SOPPLY-SYSTEH FROM THE 
GENERATION OF THE LIOUID OXYGEN TO ITS PINAL USE IN THE MISSILE IS 
BEING STUDIED TO DETERMINE THE CONTROLLING FACTORS. THIS PROGRESS 
REPORT DISCUSSES THE COMBUSTIBLE COSTAHI NANTS INTRODUCED DURING 
THE GENERATION OF LIOUID OXYGEN AND ANALYZES THE PROBLEMS 
ASSOCIATED WITH THE FLAMMABLE NATURE OF THESE CONTAMINANTS. 


-PERTINENT FIGURES-. 

* 

FIG . 1 BASIC FUNCTIONS IN LCX SUPPLY OPERATIONS, PAGE 11//FIG.2 
FLOW DIAGPAM OF A LIQUID OXYGEN GENERATOR, PAGE 17//PIG.3 
SOLUBILITY OF SATURATED HYDROCARBONS I"$ LIQUID OXYGEN, PAGE 
28 //FI 3 .U SOLUBILITY OF UNSATUHATEE HYDROCARBONS IN LIQUID OXYGEN , 
PAGE 29//TAE . 1 SOME GASES AND VAPORS WHICH MAY BE PRESENT IN THE 
AIR FEED OF LIOUID OXYGEN GENERATORS, PAGE 14//TAB.2 PROPERTIES OF 
POSSIBLE INGREDIENTS OF AIR, PAGE 15 ’ : ' 


-BIBLIOGRAPHY- 

... < » 

R. B. SCOTT, CRYOGENIC ENGINEERING, D. VAN NOSTRAND COMPANY, INC., 
PRINCETON, N . .1 . , 1959, P. 286//C. D. ASRiCK, CONTAMINANTS IN 

LIQUID OXYGEN AS RELATED TO SAFETY IN Lf$UID OXYGEN PRODUCTION AND 
DISTRIBUTION EQUIPMENT, P. 218, PROCEEDINGS OF THE 1957 CRYOGENIC 
ENGINEERING CONFERENCE, BOULDER, COLORADO, . SEPTEMBER 1957//F. G. 
KERRY, SAFE DESIGN AND OPERATION OF LOW TEMPERATURE AIR SEPARATION 
PLANTS, CHEMICAL ENGINEERING PROGRESS, 52 . • 4» 1 ( 1956) //S AFET Y IN 

AIR AND AMMONIA PLANTS SYMPOSIUM, CHEMICAL ENGINEERING PROGRESS 
54, NO. 8. 52 (1958 ) //SAFETY IN AIR AND AMMONI A PLANTS S1HPOSIUH, 

CHEMICAL ENGINEERING PROGRESS 55, NO. 6. 54 (1959)//F. 

.. _ . 54 



HIHN ELBEFGER, CONTROL OF CONTA MI NA NTS IN AIR PLANT R3BOILBRS, 
PAPER PRESENTED AT SAFETY IN AIR AND A HHONIA PLANTS SYMPOSIUM, 
AHERICAN INSTITUTE OF CHEMICAL ENGINEERS, SALT LAKE CITY, UTAH, 
SEPTEMBER 1958 


-SOURCE INFORMATION- 

CORPORATE SOURCE - ' . 

AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. 

REPORT NUMBER - 
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SPONSOR - 

AIR FORCE PLIGHT TEST CENTER, EDWARDS AFB , CAL. PROPULSION 
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COMPOSITION AND ANALYSIS OP COMMERCIAL LIOOID OXYGEN 

by 

SMITH, C. P. 

00/00/60 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

U/Onrestr icted Unlimited Summary Good/Excel. 


-ABSTRACT- 

FOREIGN MATERIALS IK LIQUID OXYGEN NORMALLY COMB FROM THE 
ATMOSPHERE AND FROM THE PRODUCTION PROCESS WHERE IT IS HOT 
ECONOMICALLY FEASIBLE TO COMPLETELY REMOVE THEM. THIS ARTICLE SETS 
FORTH THE COMPOSITION OF COMMERCIAL LIQUID OXYGEN. AND DESCRIBES 
METHODS OF PURIFICATION AND ANALYSIS. 


-PERTINENT FIGDPES- 

TAB.2 MAXIMUM LIMITS OF CONTAMINANTS FOR BREATHING OXYGEN LIQUID 
AND MISSILE PROPELLANT OXYGEN, PAGE 546 


-BIBLIOGRA PH Y- 

E. GLUECKAUF, THE COMPOSITION OF ATMOSPHERIC AIR, COMPENDIUM OF 
NETEOROLGY, AM. METEOR. SOC., BOSTON (1951) //C. P. SMITH 
ANALYTICAL METHODS FOR LIQT1ID OXYGEN, 1958 CRYOGENIC BNGINEERIN 
CONFERENCE PROCEEDINGS. 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

LINDE CO., TONANANDA, N.T. 

JOURNAL PROCEEDINGS - 

ADVAN. IN CRYOG. ENG. VOL 5, 545-8 (1960) (PROC. OF CRYOG. 
‘ ENG. CONF., 5TH , BERKELEY, CALIF., SEP 2-4, 1959) 
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k OXYGEN, AVIATORS BREATHING, LIQUID AND GAS 


-ABSTRACT- 

THIS SPECIFICATION CCVEHS LIQUID AND GASEOtlS AVIATORS BREATHING 
OXYGEN. INCLUDED ARE A LISTING OF OTHER APPLICABLE DOCUMENTS 
(SPECIFICATIONS AND STANDARDS), A TABLE OF MAXIMUM PERMISSIBLE 
CONTAMINANT CONCENTRATIONS, A TABLE LISTING OXYGEN CYLINDER FILL 
PRESSURES FOR VARIOUS TEMPERATURES, AND INSPECTION, SAMPLING AND 
TESTING REQUIREMENTS AND PROCEDURES, 


-PERTINENT FIGURES- 

8 

| FIG. 1 FILTER, CRYOGENIC LIQUIDS PAGE 23//TAB.1 CONSTITUENT 

l CONCENTRATIONS PAGE 3//TAB.2 TYPE I OXYGEN CYLINDER FILL PRESSURE 

j| FOR VARIOUS TEMPERATURES PAGE 9//TAB. 3 TEST SAMPLES PAGE 14 


BIBLIOGRAPHY- 
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MILITARY SPECIFICATION MIL-V-2, VALVE CYLINDER, GAS (FOR 
COMPRESSED OR LIQUEFIED GASES) GENERAL SPECIFICATION FOR//HILIT ARY 
SPECIFICATION MIL-D-37 16 , DESICCANTS, ACTIVATED FOR DYNAMIC 
DE HUM ID IFIC AT I3N //MIL I TAP Y SPECIFIC A TIO N HI L-L-25567 , LEAK T EST 
COMPOUND, OXYGEN S YST EMS// MILIT ARY SPECIFICATION HIL-T-27730, 

TAPE, ANTISEIZE, TE TR A PLUOROETH YLE NE , WITH DIS PENS ER//NILIT A RY 
STANDARD MIL-STD-101, COLOR CODE FOR PIPELINES AND FOR COMPRESSED 
GAS CYL INDERS //MIL I TAB Y STANDARD MIL-STD-129, MARKING FOR SHIPMENT 
AND STORAGE 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 
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MI L-O-27 2 70 D (AS G) 
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OXYGEN SPECIFICATION 


-ABSTBACT- 

f HIS STANDARD IS FOR PROCUREMENT OP LIQUID AND GASBOOS OXYGEN AND 
IS APPLICABLE TO HSFC AND ITS CONTRACTORS. THREE GRADES ARB 
SPECIFIED, A-FOR FUEL CELLS, B-FOR BREATHING AND C-FOR 
PROPELLANTS. ALLOWED CONTAMINANT LEVELS ARE SPECIFIED POF EACH 
GRADE FOB SEVERAL SPECIFIC DISOLVED AND SOLID CONTAH INAN TS. 


-BIBLIOGRAPHY- 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION NPC 200-3, 
INSPECTION SYSTEM PROVISIONS FOR SOPPLIEBS OF SPACE MATERIALS, 
PARTS, COMPONENTS, AND SERVICES //INTERSTATE COHMERCE COMMISSION 
49 CFP 71-90, INTERSTATE COMMERCE COMMISSION ROLES AND REGULATIONS 
FOB THE TRANSPORTATION OF EYPLOSIVES AND OTHER DANGEROUS 
ART ICLBS//N ATI0.1 AL BUREAU OF STANDARDS MISCELLANEOUS PUBLICATION 
M-191 (1948), CHARTS 0? COMPRESSIBILITY FACTORS AND CHARTS SHORING 
THE QUANTITIES DELIVERED BY COMMERCIAL CYLINDERS FOR HYDROGEN, 
NITROGEN, AND OXYGEN 
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CORPORATE SOURCE - 
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STUDY OF LIQUID OXYGEN CONT AH INATION, SUMMARY PROGRESS 

REPORT NO. 4 

by 

/ 

BAILY.B.N. 

STERNER ,C . J. 

VIGNALE,V.J. 

07/00/60 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY 2VAL. 

J/Unrestrict.si NTIS Sumaary Good/Excel. 


-ABSTRACT- 

THIS SUMMARY PPOGRESS REPORT NO. 4 PRESENTS A R2VIEN OF THE HORK 
P2P.FORMED IN ACCORDANCE WITH CONTRACT AF 33(6 16) - 6730. THE PURPOSE 
OF THIS STUDY IS TO DEVELOP A BETTER UNDERSTANDING OF THE 
PHYSICAL-CHEMICAL AND MECHANICAL RELATIONSHIPS INVOLVED A HD TO 
DEVELOP REALISTIC PARAMETERS FOP SPECIFICATION PURPOSES FOE THE 
APPLICATIONS OF OXYGEN TO MISSILES. THE SIGNIFICANCE, SOURCES; AND 
DEGREE OF CONTAMINATION, AND THE CURRENT S PECIFI CATIONS FOR LIQUID 
OXYGEN AND EQUIPMENT APE DISCUSSED. RECOMMENDATIONS FOR LIQUID 
OXYGEN SPECIFICATIONS AND FOR EQUIPMENT OPERATION ARE PRESENTED. 
AN EXTENSIVE BIBLIOGRAPHY IS INCLUDED, AS HELL AS APPENDICES WHICH 
AMPLIFY THE GENERAL DISCUSSION. 
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CARBON DIOXIDE INJECTOR , PAGE 76//PIG.19 EXPERI RENTAL RADIAL 
CONCENTRATION PROPILES — RONS 1 AND 2, PAGE 77//PIG.20 EX PERI BENT AL 
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THIS REPORT IS INTENDED TO AID DESIGN PERSONNEL IN THE SELECTION 
OF LUBRICANTS AND THREAD SEALANTS FOP GASEOUS AND LIQUID 0(2) /H (2) 
SERVICE. THREAD LUBRICANTS, SEALANTS, AND THREADING COMPOUNDS 
LISTED IN THIS REPORT ARE THOSE MATERIALS WHICH ARE APPLIED TO 
CONNECTIONS DR THREADED FITTINGS FOR PREVENTING SEIZING OR GALLING 
DURING ASSEMBLY AND FOR MINIMIZING LEAKAGE IN USE. THREAD SEALANTS 
ABE DEFINEL HEREIN AS MATERIALS WHICH DO NOT NORMALLY HARDEN OB 
SET AND ARE USED IN NONPERMASENT APPLICATIONS. THREADING COMPOUNDS 
ARE THQSE WHICH HARDEN AND ARE FOB USE ON PERMANENT -TY PE JOISTS. 
THREAD LUBRICANTS ARE POR NONSEALING INSTALLATIONS. NATURALLY, THE 
FACTORS TO BE CONSIDERED IS THF. FINAL SELECTION OF ANY MATEBIAL 
ARE DEPENDENT UPON THE SERVICE INTENDED. SELECTION AND. EVALUATION 
OF THESE FACTORS WILL VARY WIDELY. THUS,. THIS REPORT DOES NOT 
ATTEMPT TO PROVIDE ALL INFOFM AT ION NECESSARY TO FULLY ASSESS THE 
ADEQUACY OF A MATERIAL FOP SPECIFIC APPLICATIONS. 
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-AS STRAC.T- 

TH I S PAPER DEALS WITH THE BEHAVIOR AND PROPERTIES OP OXYGEN AS 
THEY APPLY TO SAFETY ASPECTS IN THE DESIGN AND OPERATION OF THE 
OXYGEN TRANSFER SYSTEM OF THE THOR MISSILE. THE PAPER SUMMARIZES 
THE FINDINGS OF A STUDY ON THE COMPATIBILITY OF MATERIALS WITH 
OXYGEN, LISTS THE “ESULTS OF VARIOUS TESTS PERFORMED TO DETERMINE 
THE RESISTANCE OF MATERIALS AND CONTAMINANTS TO IGNITION IN AN 
OXYGEN ATMOSPHERE, AND REVIEWS THE OBSERVATIONS FROM A FIELD 
SURVEY MADE AMONG THE ORGANIZATIONS HOST ACTIVELY ENGAGED IN THE 
PRODUCTION AND USE OF OXYGEN. THE OVERALL CONCLUSION FROM THIS 
PROJECT IS THAT OXYGEN IS A POTENTIAL EXPLOSIVE WHICH SHOULD BE 
HANDLED WITH CAPE. THERE ARE THREE BASIC ELEMENTS REQUIRED FOR 
COMBUSTION, ONE OF WHICH IS OXYGEN. THE OTHER TWO ARE THE 
COMBUSTIBLE MATERIALS AND THE SOURCES OF ENERGY NEEDED TC INDUCE A 
REACTION. UNTIL W F. LEARN MOPE ABOUT THE FIRST ELEMENT, OXYGEN, IT 
IS NECESSARY CO CONTROL THE OTHEP TWO. THIS CAN BE DONE BY 
REDUCING OF. ELIMINATING THE SOURCES OF ENERGY THROUGHOUT A SYSTEM 
AND BY A CLEANING AND MAINTENANCE PPOGRAM AIMED AT THE ELIMINATION 
AND AVOIDANCE Or CONTAMINANTS'. 


-EI3LIOGRAPHY- 

: CLEAN AND PURGE EQUIPMENT, ENGINEERING TEST REPORT NO.. 
SH-27448-1.00 DOUGLAS AIRCRAFT COMPANY, INC., SANTA MONICA, 
CALIFORNIA (UNPUBLISHED)// COMPATIBILITY OF MATERIALS WITH OXYGEN, 
PROPULSION REPOST NO. 081-444, DOUGLAS AIRCRAFT. COMPANY, INC., 
LONG BEACH, CALIFORNIA, OCTOEEB 1, 1959// CURRENT PRACTICES IN THE 

DESIGN AND OPERATION OF OXYGEN SYSTEMS, PROPULSION REPORT NO. 
Odl-513, LOUGLAS AIFCRAFT COMPANY, INC., LONG BEACH, CALIFORNIA, 
(UNPUBLISHED) //LIQUID OXYGEN IMPACT SENSITIVITY TESTS, ENGINEERING 
TEST REFOPT NO. 3 M-27448 -2. 00, DOUGLAS AIPCRAFf COMPANY, INC., 
SANTA MONICA, SOLVENTS, PROPULSION REPORT NO. D87-311, DOUGLAS 
AIRCRAFT COMPANY, INC., LONG BEACH,, CALIFORNIA, APPIL 23, 1958 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

65 



. . ft 



DOUGLAS AIRCRAFT CO., INC., LONG BEACH, CALIF. 

JOORNAL PROCEEDINGS - 

CHEMICAL CLEANING OF NISSILE LAUNCHING FACILITIES AND 
COMPONENTS STEP., TULSA, OKU., JAN 20-1 , 1959. PAPER NO. 741 
OTHER INFORMATION - 

0013 PAGES, 00C0 FIGURES, 0000 TABLES, 0005 REFERENCES 



66 


% 



keys 8353 through 8061 


<jf! 

■ s4 


I 

¥. 

t; 

(*■ 

h 


i- 


HANDLING 0? LOW -T EM PE RATH RE FLUIDS AND HIGH-PRESSURE OXYGEN 

by 

HIMM2LEERGER,F. 

10/00/59 

SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

'J/Unrestr icted Unlimited Summary Good/Excel. 


-abstract- 


i. 

I 


I 

ft 


'& 

& 

M 

tf’ 

?V, 

fa: 


M 

St’., 

I 


m 


HAZARDS ASSOCIATED WITH CRYOGFWJC FLUIDS ARE BROKEN DOWN INTO FOUR 
CATEGORIES, 1. PERSONNEL SXPOSUPE TO EXTREME COLD OR TO INERT OR 
TOXIC GASES. 2. BRITTLENESS 0? STRUCTURAL MATERIALS AT LOW 
TEMPERATURES. (THIS MAY NOT BE A HAZARD IN ITSELF BUT CAN 

CONTRIBUTE TO PERSONNEL EXPOSURE OR TO THE FORMATION OF FLAMMABLE 
MIXTURES.) 3. HIGH PRESSURE ARISING FROM CON FIN EM SN T 0 F LIQUIDS 
AND GASES. 4. FLAMMABILITY CHARACTERISTICS. THIS PAPER 
CONCENTRATES ON NUMBER 4, SINCE THE ELIMINATION OP UNINTENTIONAL 
FLAMMABLE MIXTURES IS THE MOST SERIOUS PROBLEM. 


-FERTINENT FIGURES- 


' FIG... 1 HETHAKE-OXYGEN-NIT ROGEN FLAMMABILITY LIN ITS//FIG. 2 
FLAMMABILITY ANO DETONA 3 1 LIT Y LIMITS - G ASES//FIG. 3 SOLUBILITY OP 
HYDROCARBONS IN HOt’ID OXYGEN //FIG . 4 CARBON ATOM CONTENT VERSUS 
'SOLUBILITY FOR S ATU RAT ES//FIG. 5 ADIABATIC COMPRESSION 
TEMPERATURE //FIG . 6 ADSORPTION OF ETHYLENE, ETHANE AND 

' METHANE//FIG. 8 FLAMMABLE LIMITS IN AIR 


: ;fc -SOURCE INFORMATION- ; ¥ 

CORPORATE SOURCS - 

AIR PRODUCTS, INC., ALLENTOWN, PA. 

JOURNAL PROCEEDINGS - ‘ 

AERONAUT. IND. SECTION PROG. OF T HE NATION At SAFETY CONGR . , 
CHICAGO, ILL., OCT IS, 1959 
■OTHER INFORMATION - t 
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Veys 8168 through 8172 

SURVEY DF ACCIDENTS AT THE AIR SEPARATION PLANTS 


-ABSTRACT- 

A LARGE NUMBER OP ACCIDENTS WHICH OCCURRED IN AIR SEPARATION 
PLANTS IN JAPAN AND ELSEWHERE ARE ANALTZED. CLAUDE-TYPE, 

LINDE-TYPE, AND FRANKEL-TYPE SEPARATION PLANTS ARE DISCUSSED. 
ACCIDENTS WERE CLASSIFIED INTO EXPLOSIONS, BURSTING ACCIDENTS AND 
ACCIDENTS IN WHICH HUMANS WERE INJURED OR KILLED. VARIOUS 
ACCIDENT MODES ARE ANALYZED, AND THE SUCCESS OF APPROPRIATE 
COUNTERMEASURES IS DESCRIBED. DATA ON ALL AIR SEPARATION PLANTS IN 
JAPAN ARE GIVEN. MANY SAFETY RECOMMENDATIONS ARE GIVEN THROUGHOUT 
THE REPORT. 


-PERTINENT PIGURES- 

TAB. 1 CLASSIFICATION OF ACCIDENTS BY THE TYPE, PAGE 13//TAB. 2 
CLASSIFICATION OF ACCIDENTS BY THE LOCATION, PAGE 14//TAB. 3 

CLASSIFICATION BY INDUSTRY, PAGE 14//TAB. 4 YEARLY BREAKDOWN BY 
THE NUMBER OF ACCIDENTS, PAGE 15//TAB. 5 MONTHLY CLASSIFICA TION , 
PAGE 16//TAB . 6 RELATIONS BETWEEN TH3 TYPE AND THE LOCATION OF THE 
OACCIDE NTS , PAGE 16//TAB. 7 RELATION BETWEEN THE INDOSTRY AND THE 
TYPE OF ACCIDENT, PAGE 16//TAB. 8 EXPLOSION ACCIDENTS IN THE AIR 
SEPARATION PLANT, PAGES 18-36//TAB. 9 BURSTING ACCIDENTS IN THE 

AIR SEPARATION PLANT, PAGES 44-47//TAB. 10 HUMAN ACCIDENT (BURN, 
FROST-BITE, SUFFOCATION) IN THE AIR SEPARATION PLANT, PAGES 
48-SI// TAB. 11 THE ACCIDENTS IN FOREIGN COUNTRIES, PAGES 
52- 55//TAB. 12 PROPERTIES OJ SOME OF THE AIR POLLUTANTS, PAGE 
5U//TAB. 13 SOLUBILITIES OP VARIOUS SUBSTANCES IN LIQUID OXYGEN AT 
MINUS 196 DEGREES C, PAGE 58//TAB. 14 EXPLOSION LIMITS OF VAPORS, 
PAGE 60//TAB. 15 EXPLOSION AND DETONATION LIMITS - GAS PHASE, PAGE 
61//FIG. 9 SOLUBILITY OP ACETYLENE IN LIQUID 


-BI3LI OGRAPH Y- 

AIR SEPARATION PLANT EXPLOSION ACCIDENT COUNTERMEASURE COMMITTEE 
DATA, I, II, III, BY THE AIR SEPAR ATIDN PLANT EXPLOSION ACCIDENT 
COUNTERMEASURE COMMITTEE, NOVEMBER 30, 1950//RIGH PRESSURE GAS 

ACCIDENTS AND COUNTERMEASURES, BY THE BUREAU OF LIGHT INDUSTRY, 
MINISTRY OF INTERNATIONAL TRADE AND I NDUSTRY//ROTZLBR, R. W. , J. 
A. GLASS, W. E. GORDON AND W. F. HESLOP. OXYGEN PLANT REBOILER 
EXPLOSION, CHEN. ENG. PROGR.,- VOL. 56, NO. 6, P. 31//WRIGHT, G. T. 
OXYGEN PLANT VAPORIZER EXPLOSION, CHEM. ENG. PROG., VOL 5), NO. 4, 
1961, P. U5//NATTHEWS, L. G. OXYGEN PUNT EXPLOSION, CHEM. ENG. 
PHOGR., VOL 5)‘, NO. 4, 1961, P. 4 8//MATTHEWS, W. D. AND G. G. 
OWEN. ASPECTS OF SAFETY CONSI TERED IN THE RECONSTRUCTION OF THE 
I.C.I. TONNAGE OXYGEN PLANT AT BILLINGHAH, A. I. CHEM. ENG., 1962 
SYMPOSIUM AT DENVER. W. REYNOLDS, CHEM. ENG. PROGR., VOL 56, NO. 
b, 1960, P. 7 3//DA NGER S IN PRODUCTION AND CONCENTRATION OF OXYGEN, 
MODERNS tlNFALLV 2 P HUTU NG, VOL 5, 1960/196 1, P. 197//LANG, A. AIR 
FRACTIONATION PLANT EXPLOSION, CHEM. ENG. PROGR., VOL 58, NO. 2, 
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1962, P. 70//H48 ADA, fCO. EXPLOSION ACCIDENT AT THE AIR SEPARATION 
PLANT IN DORTHOND, AND THE LESSONS. SAFETY ENGINEERING 2, NO. 3, 
1963 , P. 19 5 // NC K I N L E Y , C. AND F. HINMELBERGER (AIR PRODUCTS, 
INC.). OXYGEN PLANT AIR CONTAMINANT SAFETY PRINCIPLES, CHEN. ENG. 
PROGR. , VOL 52, NO. 1 1, 1957, P. 112, P. G. KERRY (AMERICAN AIR 
LIQUID, INC . ) . SAFETY ASPECTS OF MODERN AIR SEPARATION PLANT 
CYCLES, CHEN. ENG. PROGR., VOL 53, NO. 4 , 1957 , P. 181//BONNA, 

GOHEI, EIZO KANDA, TETSUZO KITAGAWA, SHOICHI SAHATANAGI AND 
RYOICHI KUMAGAYA. STUDY ON THE AIR SEPARATION PLANT EXPLOSION 
PREVENTION COUNTERMFASUPES, JOURNAL OF THE HIGH PRESSURE GAS 
ASSOCIATION, VOL. 17, NO. 4 , 1 953, P. 1 28//K03 AY AS HI , Y OS HIT AKA 
AND TETSUZO KITAGAWA. A RAPID METHOD FOP THE QUANTITATIVE 
ANALYSIS Of TRACT NITROGEN DIOXIDE IN LIQUID OXYGEN IN AIR 
SEPARATION PLANTS, KO*A, VOL. 58, NO. 9, 1955, P. 651// IRAKI, 
SHUN AND TATS'JO KATO. ANALYTICAL CHEMISTRY, VCL. 1 1 , 1962, P. 533, 
SHUN ARAKI, TATSUO DA^O, NOIAKI UEKUSA, JUNJI KUZUHa. ANALYTICAL 
CHEMISTRY, VOL. 12, 1963, P. 1071 


-SOURCE INFORMATION 


REPORT NUMBER - 

N71-12657//NASA-TT-F- 1 3 38 8 
JOURNAL PROCEEDINGS - 

J. AMMONIUM SULPHATE ENG. VOL 17, NO. 3 , (1964) (TRANSL. BY 

SCIENTIFIC TRANSLATION SERVICE, DEC. 1970) 

OTHER INFORMATION - 
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Kays 8265 through 8266 

HIGH-PUS ITT PRODUCTS FROM AN AIR SEPARATION PLANT 

by 

DIM& POLI , R. N , 

SA SS , A . M . 

00/00/70 


SECURITY CLASS ACCESS LEVEL REPORT CLASS HHTRY EVAL. 

□/Unrestricted nrlimited Summary Acceptable 


-ABSTRACT- 

THE SI HULTA NEOUS PPODUCTION OF HIGH PURITY OXY GEN , NITROGEN, AND 
ARGOS IS OFTEN REOniRSD FROM AIR SEPARATION PLANTS TO BEET TODAYS 
NEEDS OF THE MILITARY, SPACE, AND COMMERCIAL MARKETS. DETAILED 
PRODUCT SPECIFICATIONS AS DEV PXOPED BY THE VARIOUS SEGMENTS OF THE 
INDUSTRY APE PRESENTED TOGETHER WITH ACTUAL PLANT PERFORMANCE 
DATA. GAS CHROMATOGRAPHY IS USED TO MEASURE INDIVIDUAL COMPONENT 
IMPURITIES IN OXYGEN AND TO MONITOR HYDROCARBON CONTENT AT VARIOUS 
LOCATIONS WITHIN THE PLANT. 


-PERTINENT FIGURES- 

TAB. 1 TYPICAL HIGH PURITY PRODUCT SPECIFICATIONS PAGE 10//TAB.3 
GAS CHROMATOGRAPHIC ANALYSIS PAGE 12 


-BIBLI OGRAPH Y- 

R. E. LATIMER, A.I.CH.E.J. 3(1), 75, 1957//R. J. HODGES AND R. J. 
BURCH, CRYOGENICS, 6, 112, 1967//R. F. BARRON, CBYOGENIC SYSTESS, 
MCGRAW-HILL BOOK CO., NEW YORK (1966), P. 107//J. H. PERRY, ED., 
CHEMICAL ENGINEERS HANEEOOK, MCGRAW-HILL BOOK CO., NEW YORK 
(1950), P. 1711. 


-SOURCE INFORKATIO.N- 

CORPORATE SOURCE - ' *- 

. . AMERICAN CRYOGENICS, INC ., A TLA NTA, GA. 

JOURNAL PPOCEEDINGS - 

ADYAN. CRY1G. ENG . VOL 15, 399-405 '(PROC. CRYOG. ENG. COM?., 
15TH , LOS ANGELES, CALIF., JUN’ 16-18/ 1969) 

PUBLISHER - 

PLENUM PRESS, INC. : , 

OTHER INFORMATION - • 
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SAFETY PRECAUTIONS WITH RESPECT TO HYDROCARBONS IN AIR 
FRACTIONATING APPARATUS (S CHUTZN A FSN AK EM GEGEN 
KOHLENWASSERS TOFFS IM LHFTT PE NNE R) 

by 

KARHAT,E. 

OP p 0 r^ L n ^GB IS 11/00 AO 

■ QL'Mity 

SECURITY CLASS ACCESS LEVEL PEPORT CLASS ENTRY EV AL. 
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-ABSTRACT- 


T H IS REPORTS THE INVESTIGATION OF AN EXPLOSION IN THE 

LI NDE-FRAENKL APPARATUS IN AN AIR SEPARATION PLANT. THE EXPLOSION 
TOOK PLACE WHEN LIQUID OXYGEN FROM THE ACETYLENE SEPARATOR WAS 

DISCHARGED. PR S V 10 U S TE STS SHOWED THAT THE ACFTYLENE CONTENT OF 
THE STREAM WAS LESS THAN 0.^1 PPM SO THAT THE EXPLOSION MUST HAVE 
BEEN CAUSED BY OTHER HYDROCARBONS . IT APPEARS THAT THE PROPYLENE 
PRESENT- IN THE STREAM PREVENTS THE SORPTION OF ETHaHE AND IMPAIRS 
I HE SORPTION 0? PROPANE AND ETHYLENE. THE AUTHOR RECOMMENDS - 1) 
MORE VIGOROUS FLUSHING OF THE AUXILIARY VAPORIZER, WITH THE FETURN 
OF THE OVERFLOW LIQUID THROUGH THE ADSORBER PLACED AHEAD OF THE 
AUXILIARY VAPORIZER. 2) SCRUBBING OUT OF THE HYDROCARBON S FROM THE 
AIR WITH THE SMALLEST POSSIBLE AMOUNT OF LIODID. AIR BEFORE ITS 
ENTRANCE INTO THE COLUMN. 31 ADSORPTION OF THE HYDROCARBONS FROM 
THE GASEOUS AIR BETWEEN THE REGENERATOR AND THE COLUMN. 4) 
REGENERATIVE ADSOPPTION/DESCRPTION Or THE AIR ON A SORBENT LAYER 
PLACED AT THE COLD END OF THE REGENERATOR. 5) BURNING OF THE 
HYDROCARBONS BEFORE THE AIR ENTERS THE FRACTIONATOR. THE PAPER 
INCLUDES DETAILS FOR IMPLEMENTING THE RECOMMENDATIONS. - ' 


-PERTINENT FIGUFES- ' , • 

t.. • • 

FIG. 1 ADSORPTION OF VAFIOUS HYDROCARBONS ON SILICA GEL FROM THEIR 
SOLUTION IN LIQUID OXYGEN, PAGE 13//FIG.2 FLUCTUATIONS IM THE 
PROPANE CONTENT OF THE LIQUID IN THE PRESSURE COLUMN AND IN THE 
MAIN CONDENSER, PAGE 14//FIG.3 ADSORBER-FOR TH2 OVERFLOW -/ LIQU ID 
FROM THE AUXILIARY VAPORIZER, PAGE 15//PIG. 4 TEMPERATURE .CHANGES 
IN THE GEL LAYER REGENERATOR, PAGE 16 * 


SOURCE INPOPMATION- 


CORPOPATE SOURCE -- 

PULL AC H NEAR MUNICH 
JOURNAL PROCEEDINGS - 

LINDE BER. TECH. WISS,, NO. 10, 12-6 (NOV 1960) (IN GERMAN) 
(TRANSLATED BY F. E. E. GERMANN, NBS, TRANS. NO. T-14, APR. 
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keys 9109 through 9110 

THE D ETE R MI NATION OF TRACE IMPURITIES IN LIQUID OXYGEN FOR 
BREATHING 3Y INFRA-RED METHODS 

by 

CORBETT, J.K. 

1 0/00/67 


SECURITY CLASS 
U/Other 


ACCESS L2VEL 
Govt. /Contr. 


FS PORT CLASS 
Incremental 


ENTRY E7AL. 
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-ABSTRACT- 

A DOUBLE-BEAM INFRA-RED SPECTROPHOTOMETER HAS BEEN MODIFIED BY THE 
ADDITION Of A PAIR OF 40 METRE LONG-PATH CELLS AND ORDINATE SCALE 
EXPANSION TO MAKE POSSIBLE THE DETECTION AND QUANTITATIVE 

JET SR" INATION OF TF ACES C? IMPURITIES IN LIQUID OXYGEN FOP 
BREATHING. THE EFFECTS OF PRESSURE BROADENING ARE CONSIDERED AND 
THE LOWER LIMITS OF DETECTION ARE LISTED FOR THE IMPURITIES 
DETERMINED. THIS S PECT ROPHOTOMST ER PROVIDES AN ACCURATE AND RAPID 
METHOD FOP THE DETERMINATION OF THE TRACE IMPURITIES IN LIQUID 
OXYGEN FOR BREATHING TO AIR STANDARD 14/9A. ONLY INFRARED INACTIVE. 
MOLECULES SUCH AS NITROGEN, HELIUM, ARGON, ETC. ARE INCAPABLE OF 
Q3T2CTION BY THE METHOD DESCRIBED. 


. -PERTINENT FIGUPES- 

TAB.1 SPECTROSCOPIC DATA FOR IMPURITIES, PAGE 4//TAB. 2 PRESSURE 
BROADENING OF A CONSTANT PARTIAL PRESSURE OF- ETHYLENE, PAGE 
5//TAB.3 PRESSURE SENSITIVITY, PAGE 6//TAB.6 CALIBRATION DATA POR 
GASES, PAGE 10//TAB.9 MINIMUM DETECTION LIMITS,. PAGE 13//T&B. 10 
CONCENTRATIONS OF IMPURITIES FOUND IN OXYGEN, PAGE 14 


-BIBLIOGRAPHY- - 

J.K. CORBETT, INFRA-RED TRACE GAS ANALYSIS. PAPER DELIVERED AT 
THE CHEMICAL INSPECTORATE, A. D. CONFERENCE, OCTOBER, 1965. 


-SOURCE INFOPMATION- 

CORPOP.ATE SOU RC3 - . 

CHEMICAL INSPECTORATE, LONDON, ENGLAND 
REPORT NUMBER - . 

R P 2-TM - 4 37//A.D- B 2 652 0 
OTHER INFORMATION - 
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keys 9119 through 9122 

LIQUID PROPELLANT GAS ABSOBPT 108 STUDY, FIHAL SUMMARY TECH. 
BEPT. COVERING PERIOD 24 JUL 1967-24 JUN 1968 

hy 

CANNON , W . A. 

ROB SON , J.H . 

ENGL IS H, W . D. 

ORIGINAL PAGE IS 08/00/6 8 

OF POOR QUALITY 

SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

J/Unrestricted NTIS Incremental Acceptable 


-ABSTRACT- 

THIS FINAL TECHNICAL REPORT SUMMARIZES THE STUDIES CONDUCTED ON 
THE SOLUBILITIES 0? PRESSURANT GASES HELIUN AND NITROGEN IN THE 
LIQUID PROPELLANTS FLUORINE, FLOY, OXYGEN, OXYGEN DIPLUORIDE, 
DIOXYGEN DIFLUORIDE, NITROGEN TRIFLUORIDE, TETRAFLUOROHYDR A ZINB , 
CHLORINE TRIFLUORIDE, CHLORINE PE NTAFLUORI DE , ETHANE, ETHYLENE, 
PBOPANE, IIBORANE, T RIMETHYLBORAHE, NITRYL FLUORIDE, PERCHLORYL 
FLUORIDE, AND AMMONIA. HE LI OH SOLUBILITIES WERE H E AS U R ED FOR ALL 
PBOPELLANTS, BUT ONLY A FEW CONBINATIONS WERE USED WITH NITROGEN. 
HEASUFEH ENTS WERE HADE AT TWO PRESSURES, 300 AND 700 PSIG, AND AT 
SEVERAL APPROPRIATE T EHPEP ATU RES COVERING A RANGE ABOVE AND BELOW 
THE NORMAL BOILING POINT WHEREVER POSSIBLE. SAMPLES WERE TAKEN 
FROM CAREFULLY EQUILIBRATED, AGITATED SYSTEMS, AND ANALYSES WERE 
■CONDUCTED BY GAS CHROMATOGRAPHY. THE GAS CHROMATOGRAPHIC ANALYSES 
OF THE HIGH ENERGY PROPELLANTS P.EQUIRED THE APPLICATION OF SEVERAL 
UNCONVENTIONAL -"ECHN IOUE S . THESE INCLUDED (1) USE OF OXYGEN AS A 
CARRIER GAS, AND (2) COMPLETE ABSORPTION OF THE PROPELLANT ON THE 
COLUMN TO PREVENT ATTACK ON THE DETECTOR SENSORS, YET PERMITTING 
ELUTION OF OTHER COMPONENTS, INCLUDING THE PRESSURANT GAS, FOR 
ACCURATE ANALYSES. 


-PERTINENT FIGUPES- 

TAB.2 SOLUBILITY OF HELIUM AND NITROGEN IN LIQUID OXYGEN 
DIFLUORIDE, PAGE 24//TAB.5 SOLUBILITY 0? HELIUM IN LIQUID 

FLUORINE, PAGE 30//TAB.7 SOLUBILITY OF HELIUM IN LIOUID 70-FLOX, 
PAGV 33//TAB.9' SOLUBILITY OF HELIUM IN LIQUID OXYGEN, PAGE 
36//TAB. 1 1 S0LU3 IL ITY OF HELIUM AND NITROGEN IN LIQUID ETHYLENE, 
PAGE 39//TAB. 16 SOLUBILITY OF HELIUM IN LIQUID DIOXYGEN 
DIFLUORIDE, PAGE 49 


-B 13 LI OGRA PH Y- 

R. N. HENNING AND P. L. BARRICK, GAS-LIQUID EQUILIBRIUM 
SOLUBILITIES FDR THE HELIUM OXYGEN SYSTEM, PREPRINT OF PAPER 
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PRESENTED AT CRYOGENIC ENGINEERING CONFERENCE, PHILADELPHIA, PA., 
AUGUST 18-21, 1964, ALSO NASA REPOST NO. 2736, VCL. IIB, 

PRESSURIZATION SYSTEMS DESIGN GUIDE, BEVISED JOLT 1966//0. RUFF 
AND W. MENZEL, Z. ANORG. ALLGEH. CHEM. , 211 , 204 (1933) //F. 

DANIELS, J. H. NAT HEWS , AND J. W. WILLIAMS, EXPERIMENTAL PHYSICAL 
CHEMISTRY, PP. 447-450, 3RD ED. MCGRAW-HILL BOOK CO., INC., NEW 
YORK, N. Y. , 1941 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

DOUGLAS AIRCRAFT CO., INC., NEWPORT BEACH, CALIF. MISSILE AND 
SPACE SYSTEM 5 DIV. ASTROPOWER LAB. 

REPORT NUMBER - 

DAC-60510-72 
SPONSOR - 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. WASHINGTON, 
D . c . 

CONTRACT NUMBER - 

COSTPACT NAS7-548 
01 HER INFORMATION - 
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keys 9210 through 9213 


AVIATORS BR EA THING OXYGEN PROH AIRCRAFT CONVERTERS, 

EVALUATION OF 


-ABSTRACT- 

IJO SAMPLES OF AVIATORS BREATHING OXYGEN HERE ANALYZED POLLOHING 
AN ACCIDENT IN WHICH A PILOT HAS KILLED. THE LIQUID OXYGEN HAD 
BEEN OBTAINED FROM THE AIRCRAFT CARRIER USS BENNINGTON. THE 
SAMPLES HERE TAKEN PROM LOX CONVERTERS OF AIRCRAPT WHICH HAD 
OBTAINED LOX FROM THE BENNINGTON AT THE SAME TIME AS THE AIRCRAPT 
INVOLVED IN THE FATAL CRASH. THE SAMPLES CONTAINED CONTAMINANTS 
FAB IN EXCESS 0? THE MAX IRONS ALLOWED UIDER SPECIFICATIONS. PILOT 
COMPLAINTS OF BAD ODORS, HEADACHES, NAUSEA, AND LOSS OF 
COORDINATION HERE ATTRIBUTED TO THE OXYGEN SUPPLY. IT IS SUGGESTED 
THAT THE TOXIC EFFECTS OF THE CONTAMINANTS MIGHT BE ENHANCED H HEN 
3REATHI NG PURE OXYGEN. IN ADDITION, ONE SAMPLE CONTAINED AC3TYLBNB 
18 EXCESS Of ITS' SOLUBILITY. IN LOX, CONSTITUTING AH EXPLOSIVE 
HAZARD. THE REPORT RECOMMENDS THAT MEANS OP MONITORING CONTAMINANT 
LEVELS IS LOX B2 PROVIDED TO AIRCRAPT CARRIERS AND ALL LAND-BASED 
PLANTS WHICH DO NCT HAVE SUCH INSTRUMENTATION. A SUGGESTED 
INSTRUMENT IS A GAS CHROMATOGRAPH SUCH AS THE NRL TOTAL 
HYDROCAPEON ANALYZER. 


-PERTINENT FIGURES- 

TAB. ANALYTICAL DATA POP OXYGEN SA MPLES PROM AIRCRAFT CONVERTERS, 
PAGE 5 


-SOURCE INFORMATION- 


CORPORATE SOURCE - 

NAVAL RESEARCH LAB., WASHINGTON, D.C. 

REPORT NUHEER - 
6180-176 

OTHER INFORMATION - 
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DE VE LOPHENT OF VULCANIZAELE ELASTOMERS SUITABLE FOR USE IN 
CONTACT WITH LIQUID OXYGEN. ANNUAL SUMMARY REPORT, JUNE 

1967-MAY 1968 


ORIGIN AT n, 

0fl *»* (rnSn 

09/00/68 


SECURITY CLASS ACCESS LEVEL 

J/Unrestricted NTIS 


REPORT CLASS ENTRY EVAL. 

Increnental Acceptable 


-ABSTRACT- 


HOMOPOLYMEF.S HAVE BEEN PREPARED AND THEIR LON TEMPERATURE TENSILE 
PROPERTIES STUDIED. INCREASING VALUES OF N NERE FOUND TO BRING 
ABOUT INCREASING ELONGATIONS AND DECREASING TENSILE STRENGTH AND 


TOUGHNESS. ATTEMPTS TO PREPARE COPOLYMERS 
FLUORIDE WEFE UN SUCCESSFUL. ATTEMPTS TO PREPARE 
PERF.LUOROGLUT APALDEHYDE, , PER FLUOPOGLUT ARYL 
PER FLU3PO- 3- OXAHEPTA DIENE-1 ,6 HERE UNSUCCESSFUL. 

FLUOROCARBON DICARBCXYLIC ACIDS HERE FOUND TO 
UNSTABLE. POLYCONDENSATION OP PER F LUOR OALDEHYDE HYDRATES 8 IT H 
F LUOROCAFBON DICARBCXYLIC ACIDS DID NOT PRODUCE THE EXPECTED 
LINEAR POLYESTERS. HORN HAS BEGUN ON THE PREPARATION CP ESTERS 
DERIVED FROM OLIGOMERS OF HEXAFLUOROPROPYLEN E OXIDE. 


HITH VINYLIDENE 
CYCLOPOLYMERS OF 
FLUORIDE, AND 
POLY ANHYDRIDES OF 
BE HYDROLYTICALLY 


-BIBLIOGRAPHY- 

MSFC 106b, TESTING COHPATIBI-LI TY OF MATERIALS FOR LIQUID OXYGEN 
SYSTEMS, SEPTEMBER 16, 1966 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

PENINSULAR CHEMRESEARCH , INC., GAINESVILLE, FLA. 

REPORT NOflBER - 

N69- J619 3//NA SA-CR- 1 02228//C PB-02-1 1 63 -63//AS R-5 
SPONSOR - 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. MARSHALL SPACE 
FLIGHT CENTER, HUNTSVILLE, ALA. 

CONTRACT NUMBER - 
HAS8-5352 

OTHER INFORMATION - 
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NEW DATA ON THE EXPLOSIVENESS OF LIOUID OXYGEN AND 
HTDRC-CAR30NS (RUSSIANl 


by 

GITTSEVICH,G.A. 
BAST POV , Z . B. 
SAGAIDA K , V . J. 

00/00/59 


SECURITY CLASS 
U/ Unrestricted 


ACCESS LEVEL 
n nlimited 


REPORT CLASS 
Increnent al 


ENTRY EVAL. 
AcceDtable 


.. .. ....... . ABSTRACT- 

EX PER IH ENTS SHOWED THAT THE HEATING OF CYLINDER OIL, UNDER 
PRESSURE IN AIR, PRODUCES LOW-BOILING LIQUID AND GASEOUS 
HYDROCARBONS AND COKE, THE PRODUCTS OF THERMAL CRACKING. THESE 
PRODUCTS, MIXED WITH LIOUID OXYGEN, WERE TESTED FOR EXPLOSION 
SENSITIVITY, AND WERE FOUND TO BE MORE SENSITIVE TO IMPACT THAN 
NITROGLYCEP INK. THE DATA SH.OW THAT ACETYLENE SHOULD SOT BE 
CONSIDERED THE ONLY CAUSE OF EXPLOSIONS IN AIR SEPARATION 

EQUIPMENT. PRODUCTION OF CRACKING GASES IH RECIPROCATING 
COMPRESSORS, AND THIIR CONDENSATION WITH OXYGEN IN AIR SEPARATION 
EQUIPMENT, CAN EXPLAIN EXPLOSIONS IN CASES WHERE ACETYLENE AND 
LUBRICATING OIL W_ERE NOT FOUND. CLEAN IN G OF THE PROCESS A IS* , WITH 
REMOVAL OF ALL OILS AND OTHER HYDROCARBONS, CAN INSURE SAFE 
OPERATION OF AIR SEPARATION EQUIPMENT. 


-PERTINENT FIGUPES- 

TAB. 1 COMPOSITION OF GASES OBTAINED BY THERMAL CROCKING OF OIL 
P- 28 AT TEMPERATURES OF 200 AND 350 C, PAGE 14//ThB. 2 MINIMUM 
PRESSURE OF RUPTURE OF DIAPHGRAMS NECESSARY TO PRODUCE EXPLOSIONS 
IN VAPIOUS MIXTURES, PAGE 15 


-BIBLIOGRAPHY- 

. i 

3ITTSEVICH, G. A., ON REASONS FOR EXPLOSIONS IN CONDENSORS, 
COLUMNS AND ACETYLENE ADSORBERS AND METHODS OF PROTECTING AIR 
SEPARATION EQUIPMENT FROM OIL, MATERIALS OP THE TECHNICAL COUNCIL 
ON SECURITY 0? EX PLOS IC N-S AFE CONDITIONS OP OPERATION OF 

AIR-SEPARATION EQUIPMENT,-: V. N.I .1. K.I . M. A. SH. , MOSCOW, 

1 956//GITTSEVICH , G. A., ON REASONS FOR EXPLOSIONS IN 

AIR-SEPARATION EQUIPMENT, . KISLpoOD, 1957, NO. 2, P. 

27-3 3 //GI TTSE VICH , G. A., OBTAINING LIQUID OXYGEN FOR MEDICAL 
PURPOSES WITHOUT PEPEATED CONDENSATION, KISLOROD, 1958, NO. 1, P. 
26-9//ERICH, V. N. AND P A7. HIT NOV , V. K., CHEMISTRY OF PETROLEUM 
AND ARTIFICIAL LIQUID FUEL, MOSCOW, 1 958//POLLITZER, ?. , ON 
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EXPLOSIONS IN APPARATUS' ' FOR LIQUEFACTION AND SEPARATION OF AIR, 
f, ZSCHR. F. A NGEN . CHEMIE. V923, VOL 36, NO. 39-40 , P. 262-6 


SOURCE INFORMATION- 


JOURNAL PROCEEDINGS - 

KISLOPDD, U.S.S.R. VOL 12, NO. 3, 12-6 (1959) (IN RUSSIAN) 
OTHER INFORMATION - 
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keys 10234 through 10235 


A STUDY OF TRACE IMPURITIES IN AVIATORS BREATHING OXYGEN 

by 


DR£W,C.M. 
SCHOWEN, P.L. 
SMITH , S. R. 

02/03/58 


SECURITY CLASS 
U/Uncestr icted 


ACCESS LEVEL 
NT IS 


R2PORT CLASS 
In crenent al 


ENTRY EVAL. 
A cceptable 


-ABSTRACT- 

A STUDY OF AVIATORS BREATHING OXYGEN FROM PRESSURE AND LIQUID 
APPARATUS -'H'AS BErfft CARRIED OUT TO DETERMINE THE IMPURITIES THAT 
ARE RESPONSIBLE FOR NAUSEA AND ANOXIATION REPORTED BY SOME PILOTS. 
AN ANALYTICAL METHOD USING GAS CHROMATOGRAPHY AND MASS 
SPECTROMETRY HAS BEEN USED TO DETERMINE THE IDENTITY AND 
CONCENTRATION 0? THE CONTAMINANTS IN THE BREATHING OXYGEN. A 
POSSIBLE MECHANISM WHEREBY THESE CONTAMINANTS AFFECT THE PILOTS 
HAS BEEN PROPOSED AND RECOMMENDATIONS TO PUPIFY THE BREATHING 
OXYGEN HAVF BEEN MADE. THE REPORT CONCLUDES WITH A NUMBER OF 
RECOMMENDATIONS MOSTLY CENTERING AROUND PURGING OF THE STORAGE 
TANKS, TRANSFER CAP.TS AND HOST ESPECIALLY THE CONVERTER TANKS IN 
THE AIRCRAFT. THE USE OF ABSORBENTS IN THE LOW PRESSURE FEED 
LINES IN THE AIRCRAFT IS ALSO RECOMMENDED. 


-PERTINENT FIGURES- 

FIG.2 RUN NO. 501 LIQUID OXYGEN FROM CONVERTER, PAGE 13//FIG.3 RUN 
NO. 503 STORAGE TANK NO. 1, PAGE 14//FIS.4 RUN NO. 504 GAS FROM 
CONVERTER, PAGE 15// FIG. 7 PUN NO. 507 NEWLY REFILLED STORAGE 
TANK, PAGE 18//FIG.8 RUN NO. 508 OXYGEN LIQUEFIED FROM CYLINDER, 
PAGE 1 9 //TAB. 1 ANALYSIS OF OXYGEN SAMPLES, PAGES 24-26 


-BIBLIOGRAPHY- 

OREW, CHARLES M., JAMES. R.. HCNES3Y, S. RUVEN SMITH AND ALVIN S. 
GORDON. APPLICATION OF .VAPOF PHASE CHROMATOGRAPHY TO MASS 
SPECTROMETER - ANALYSIS,- ANAL CHEH, VOL. 28, ( 1956) P 979//DR2W, 
CHARLES M., AND JAMES HCNES3Y. SOME PROBLEMS ENCOUNTERED IN 

THE APPLICATION OF VAPOUR PHASE CHROMATOGRAPHY TO KINETIC STUDIES. 
VAPOR PHASE CHROMATOGRAPHY SYMPOSIUM BRITISH INST. PET., LONDON. 
MAY-JUNE 1956. BUTTERWORTHS SCI. PUB. 1957// EGGERTSON, F. T., H. 
5. KNIGHT AND SIGURD GROENNINGS. GAS CHROMATOGRAPHY, USE OF LIQUID 
MODIFIED SOLID ADSORBENT TO RESOLVE C ( 5) AND C (6) SATURATES, ANAL 
CHEM, VOL. 28 (1956), P. 303 //KOb A YASHI , YOSHITAKA, AND TETSUGO 
KATAGAWA, (YOKAHAMA NATL UNIV.), RAPID METHOD FOR THE 
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jeTERHI NATION OP LOW CONCENTRATIONS OF NO (2) IN LIQUID OXYGEN IN 
AIR SEPARATION, J CHE tl SOC JAP, IND. CHEH. SECT., VOL. 58, (1955), 
PP. 651- 6 54 //PA IR HA LL , LAWRENCE T. , INDUSTRIAL TOXICOLOGY, 2ND 
2DITION. THE WILLIAMS AND WILKINS CO., ( 1957) //SAX, IRVING N., 
HANDBOOK OF DANGEROUS MATERIALS, RFINHOLD PUBLISHING CORP. , (1951) 


-SOURCE I NFOP RATI ON- 


CORPORATE SOURCE - 

NAVAL ORDNANCE TEST STATION, CHINA LAKE, CALIF. RESEARCH 
DEPT. 

REPORT NUMBER - 

NAVORD-R-5909//NOTS-1887 
OTHER INFORMATION - 
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keys 11333 throagh 11386 

SURVEY OF C ONT MIN AT ION IH ROCKET PRO POLS IDS FLUID SYSTEMS 

b Y 

TELLIER , G. F. 

LEVELLER, J. 8. 

SIA ND KE ,H . 

11/00/67 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

U/cther Gcvt. Only Summary Acceptable 


-ABSTRACT- 

T HIS FEPOPT PRESENTS s THE. PHASE I SURVEY RESULTS OF A PROGRAM TO 
GENE RATE DESIGN CF'ITERIA "FOR VALVE POPPETS AND SEATS CAPABLE OF 
SEALING RELIABLY IN THE CONTAMINATION ENVIRONMENT PRESENT IN 
ROCKET PROPULSION FLUID SYSTEMS. THE PURPOSE OF THE SURVEY H AS TO 
QUANTITATIVELY AND QUALITATIVELY DESCPIBE CONTAMINANTS (PRIMARILY 
PARTICULATES) OCCURRING IN THESE SYSTEMS. A COMPREHENSIVE 
LITERATURE SEARCH YIELDED CONSIDERABLE GENERALIZED INFORMATION ON 
CONTAMINATION DESCRIPTION VITH RESPECT TO TYPES, SOURCES, AND 
CONTROL. ADDITIONALLY, EXTENSIVE LITERATURE ON PARTICLE SIZE 

ANALYSIS AND GRAPHICAL DISPLAY WAS 03TAINED. THESE TVO CATEGORIES 
OF INFORMATION ARE SUMMARIZED AND A SUBJECT CATEGORIZED 

3I3L IOGRAPHY OF 209 ANNOTATED REFERENCES IS PRESENTED.- A SURVEY 
OF ORGANIZATIONS .ASSOCIATED WITH LIOt'ID ROCKET PROPULSION VA S 
PERFORMED FROM WHICH NUMEROUS SPECIFICATIONS AMD TYPICAL 

CONTAMINATION DATA FOR A VARIETY OF FLUIDS, CONDITIONS, AND 
LOCATIONS WERE OBTAINED. THESE DATA, AS COMPILED AND TABULARLY 
PRESENTED, REPRESENT A BROAD SPECTRUM OF FLUID SYSTEM 

CONTAMINATION. THEY DO NOT, HOWEVER, SPECIFICALLY DEFINE 
CONTAMINATION IN OPERATING LIQU ID BOCK ET SYSTEMS. THIS RESULTS 
FROM EXTFEME DIFFICULTIES IS OBTAINING REPRESENTATIVE SAMPLES AND 
MAKING ACCURATE MEASUREMENTS. THE REPORT REALLY IS A SURVEY, BUT 
IT DOES GIVE VARIOUS CLEANLINESS CRITERIA AND STANDARDS AS WELL AS 
CONTAMINATION DATA. 


-PERTINENT FIGURES- 

* S 

FIG. B-6 PARTICLE COUNT LIMITS FOR SPACE ENGINES PER ROCK ETDYN E 
SPECIFICATION RA0615-003, PAGE 1 91 //FlG. B-10 PARTICLE COUNT LIMITS 
FOE APOLLO SPACECRAFT DELIVERED PROPELLANTS PER NASA M SC- SPBC-C- 6 , 
PAGE 195// FIG.B-11 PARTICLE COUNT LIMITS AND DATA FOR APOLLO - 
SATURN, LN-RCS FROM NASA, KSC, PAGE J96//FIG. 8- 1 2 PARTICLE COUNT 
DATA FOR APOLLO - SATnRN LH-RCS FROM NASA, KSC, PAGE 197//FIG. B-13 
PARTICLE COUNT LIMITS AND DATA FOR APOLLO - SERVICB PROPULSION 
SYSTEM, PAGE 198//FIG.B- 1 8 PARTICLE COUNT LIMITS AND DATA FOR P-1 
ENGINE GIMEAL SYSTEM, PAGE 20 3. 
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-BIELIOGRAPHY- 

CC STANDARDS, A STATE OF CONFOSION, BIRCH, W. F., CONTAMINATION 
CONTROL, PP. 18-21, JANOARY 1967//STUDY OF LIQUID OXYGEN 

CONTAMINATION, FOSTER, F. H. , AIR PRODUCTS AND CHEMICALS, 
INCORPORATED, SSD-TDR-62-8, MAY 1961, CONTRACT 

AP33 (6 16 } -6 730 //SU RV EY OF ! ’OPELLANT STORAGE AND LOADING SYSTEM 
DURING THE MODIFICATION OF STANDS D-1 AND D-2 FOR XSR-68B, KRAMER, ■ 
ft . P., ET AL, THE MARTIN COMPANY, REPORT CR-60-131, MARCH 1961, 

AD44787U//HANDB00K FOR CONTAMINATION CONTROL ON THE APOLLO 
PROGRAM, NASA, WASHINGTON, D. C. , NASA ISSUANCE N HB 5300.3, APOLLO 
D ECU HEN TAT ION NO. R A- 027- 00 1- 1 A , AUGUST 1966// DISCONNECT COUPLING 
REQUIREMENTS FOR FLUORINE-CONTAINING OXIDIZERS, VA8 HORN, P. 3., 
DOUGLAS AIRCRAFT COMPANY, INC., REPORT DAC-59241, AFR PL-T R-66 -89, 
JUNE 1966 //STUDY IN THE FIELD OF FLUID CONTAMINATION, FITCH, E. 
C. , ET AL, OKLAHOMA STATE UNIVERSITY, FLUID CONTAMINATION PROJECT 
REPORT NO. 6, AUGUST 1963, CONTRACT NO. AF34 ( 60 1) - 1 4090, AD422550 


-SOURCE INFORM ATION 


CORPORATE SOURCE - 

FOCKETD YNE , CANCGA PARK, CALIF. 

REPORT NUMBER - 

X68-1 6 850 //AFR PL-T R-67- 290// AD-8 29701 
SPONSOR - 

AIR FORCE ROCKET PFOPtl LS ION L AB. , EDWARDS AFB, CALIF. 
CONTRACT NUMBER - 

CONTRACT F34611-67-C-0085 
OTHER INFORMATION - 
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keys 12608 through 13609 


PROCESS FOR DEMBTHANIZATl ON OP LIQUID OXYGEN 

by 

S A VAG2 , D. H . 

08/03/71 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

(J/Onrestr icted Unlimited Suaaary Acceptable 


- ABSTRACT - 

THE DISCLOSURE IS DIRECTED TO AN IMPROVED PROCESS FOR THE REHOVAL 
OF METHANE FROM A MIXTURE OF METHANE AND OXYGEN BY THE OS E OF AN 
X-TYPE ZEOLITE CATALYST. THE USE O.F SILVER AND CALCIOM 
CATION-EXCHANGED FORMS OF SYNTHETIC X ZEOLITES RESULT IN A MOCH 
HIGHER CAPACITY FOR -HErHANE 'REMOVAL THAN HAS HERETOFORE POSSIBLE 
UNDER THE PRIOR APT. 


-SOURCE INFORMATION" 


CORPORATE SOURCE - 

ESSO RESEARCH AND ENGINEERING CTO., LINDEN, N. J. 

REPORT NUMBER - 

U.S. FAT 3,597,169 
OTHER INFORMATION - 
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keys 14946 throuqh 14948 

y . • 

EVALUATION OF USED LOX PUMP OIL (NU-TROl, HARK II), NU -CHEM 
■- INDUSTRIES, SHARPES, FLA. 

b V 

WALTERS, G.L. 

05/1 d/7 1 


SECURITY CLASS ACCESS LEVEL 

U/Other Govt./Contr. 


REPORT CLASS ENTRY EVAL. 

Increaental Acceptable 


-ABSTRACT- 

THIS REPORT PRESENTS RESULTS OF AN EXAMINATION OF SIX SAMPLES OF 
USED LOX PUMP OIL. ' THE TEST'S SHOWED NO BREAKDOWN OF CONSTITUENTS 
TO FOPM FREE ACID, BUT THERE WERE AGGREGATES OF TEFLON PARTICLES 
SUGGESTING PRELIMINARY CHANGES. SOME OF THE OIL SHOWED LARGE 
AMOUNTS OF AGGREGATION FOR SHORT PUNNING TIMES, AND IT IS 
3U3SKSTEL THAT THE ALUMINUM FUMP HOUSING IS AIDING THE PROCESS. IT 
IS NOTED THAT THIS OIL HAS BEEN FOUND TO DETONATE WITH ALUMINUM 
UNDER SHEAPING CONDITIONS. RESULTS OF ANALYSIS OF WEAR METALS IN 
THE OILS AND OF 4-BALL WEAR TESTS APE ALSO PRESENTED. 


-PERTINENT FIGUPES- 

TAB.1 WEAR METAL ANALYSIS, PAGE 3//TAB.2 4-BALL WEAR TEST RESULTS, 
PAGE 4 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

NATIONAL AERONAUTICS.. AND SPACE ADMINISTRATION. JORN F. 
KENNEDY SPACE CENTER, COCOA BEACH, FLA. 

REPORT NUMBER - 
AD-893511 

OTHER INFORMATION - 
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Keys 15631 throuqh 15633 

THE DETER HI NATION OF 8YESOCARBON TRACES IN ATMOSPHERIC AIR 

AND LI 0 DID OXYGEN 

by 

THEER, J. 

02/27/63 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestricted NTIS Susaary Good/Excel. 


-ABSTRACT- 

FOR A LONG TIME A RAPID METHOD OF DETERMINING TRACES OF 
HYDROCARBONS IN THE AIR SOCK ED .INTO AND THE LIQUID OXYGEN PRODUCT 
OF AIR SEPARATION PLANTS HAS ' BEEN SOUGHT. THIS IS NEEDED TO AVOID 

dangers of explosions due to the accumulation op hydrocarbons 

ESPECIALLY ACETYLENE. THIS PAPER DESCRIBES A GAS CHROMATOGRAPH 
WITH A MICROFLAME IONIZATION DETECTOR. A 10 ML SAMPLE CAN BE 
PROCESSED IN 5 MINUTES WITH A SENSITIVITY OF 5 PAPTS PER MILLION 
AND IN 15 MINUTES A SENSITIVITY OF 10 PARTS PER BILLION CAN BE 
ACHIEVED. THE SAMPLER AND INSTRUMENT HAVE BEEN TESTED IN 

CONTINUOUS OPERATION. 


-PERTINENT FIGURES- 

TAB.P.6 HYDROCARBON CONTENT OF ATMOSPHERIC AIR FROM VARIOUS 
REGIONS OF GERMAN DEMOCRATIC REPU BL IC//PIG. 3 H YDROC ABBON 

CHROMATOGRAM FOR LIQUID OXYGEN, PAGE 7//FIG.I* CONCENTRATION 
APPARATUS FOR HYDROCARBONS FROM ATMOSPHERIC AIR, PAGE 8//FIG.5 
HYDROCARBON CHROMATOGRAM FOR ATMOSPHERIC AIR, PAGE 7 


-BIB LI 00 RA PH Y- 

SCHUSTER. G AS FOR-MIG E ERENNSTOFFE, VOL 2 //HO LZHAUS ER , H. , 

GASCHROMATOGR APHIE 1959, MATERIAL ZUN 2. SYMPOSIUM UBER 
GASC HROM ATOGR AP HIE IN BOHLEN 1959, P. 1 4 3//H ARLEY , J. , NATURE 181, 
178 (1958) / /KAISER, R. , GAS CHPOM ATOGR AP HIE LEIPZIG 1960, P. 

97// BEST Y, D. H. , GA SC HR OMA TOG R A PH IE , LONDON 1958, P. 1U2// 
? R E N ZE L , J . , GASCHRCMATOGBAPHIE 1959, MATERIAL ZUM 2, SYMPOSIUM 
UBER GASC HR OMATOGRAPHIE IN BOHLEN 1959; P.109 


-SOURCE INFORMATION- 


CORPORATE SOURCE - 

INSTITUTE FDR CHEMICAL AND REFRIGERATING EQUIPMENT, DRESDEN, 
EAST GERMANY 
REPORT NUMBER - 
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N6U-22627//FTD-1T-62- 1 665//AD- 40 1 389 
JOURNAL PROCEEDINGS - 

CHEH. TECH. (LEIPZIG), NO. 3, 16U-7 ( 1962) (TFANSL. BY 

FOREIGN TECHNOLOGY DIV., WRIGH T-PATTE RSON AFB , OHIO) 

OTHER INFORMATION - 
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Xeys 16593 thtouqh 16595 

COMPOSITI OH CHANGES IN LIQUID OXYGEN AS A RESULT 0? 
EVAPORATION AND RELATION TO ?UE L-CELL OPERATION 

by 

EASTER, R.S. 

01/00/73 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestricte3 NTIS SuQBary Acceptable 


-ABSTRACT- 

EVAPORATION OF LIQUID OXYGEN LEADS TO CHANGES IN COMPOSITION 
BECAUSE OF DIFFERENCES BETWEEN THE VOLATIBILITY OF OXYGEN AND THE 
VOLATIBILITY OF IMPURITIES. AN EXPRESSION IS PRESENTED WHICH NAY 
BL USED TO ESTIMATE CHANGES T N- COMPOSITION - AS A CONSEQUENCE OF 
EVAPORATION DURING THE STORAGE OF LIQUID OXYGEN. THE SENSITIVITY 
OF FUEL-CELL SYSTEMS TO SUCH CHANGES IS DISCUSSED, AND SAMPLE 

calculations ape presented, sample calculations are carried out 

FOR PROPELLANT GRADE LIOUID OXYGEN, A HD THE LIKELIHOOD AND EFFECT 
OF COMPOSITION CHANGES IN REFERENCE TO FUEL CELL SYSTEM OPERATION 
ARE DISCUSSED. THE SPECIFIC IMPURITIES INCLUDE CARBON DIOXIDE, 
METHANE, KFYPTON, NITROGEN AND ARGOS . THE AUTHORS CONCLUDE THE 
OBVIOUS - THAT LIQUID WITHDRAWAL IS BEST AND THIS POINTS TO 
SUPERCRITICAL STORAGE. 


-PERTINENT FIGURES- 

TAB. I INITIAL L 10 UID-0 XYGE N . I MPfTPIT Y LEVELS USED IN SAMPLE 
CALCULATIONS, PAGE 13//TAB.VIII EXPRESSIONS USED IN CASE 3 
CALCULATIONS, PAGE 14//TAB. IX L 100 ID-OXYGEN STDPACZ MODES, PAGE 
1 5// FIG. 2 CONCENTRATION CHANGES IN PROPELLANT-GRADE LIQUID OXYGEN 
AS CONSEQUENCE OF EVAPORATION, PAGE 16// FIG. 3 CONCENTRATION 
CHANGES IN PPOPELLA NT-GPAD3 LIQUID OXYGEN AS CONSEQUENCE OF 
EVAPORATION (3 ATMOSPHERES FRESSUPE1 , PAGE 17//PIG.U WITHDRAWAL 
PROPILE FOP CASE 3, PAGE 18 


-B 1 3 LI OS PA PH Y- 

ANON. OXYGEN, S PECI FIC AT IC N FOR SPEC. 399A, NASA MARSHALL SPACE 
FLIGHT r CENTER, JULY 1967//HOD3ES.R.J. AND BURCH, R.J., THE 
EQUILIBRIUM DISTRIBUTION OF METHANE BETWEEN THE LIQUID AND VAPOUR 
PHASES OF OXYGEN. CRYOGENICS, VOL 7, NO. 2, A D R . 1967, PP. 
112-11 J//HARM EN S, A . , VAPOUR-LIQUID EQUILIBRIUM N(2)-AR-0(2) FOR 
LOWER ARGON CONCE NT RAT IONS . CRYOGENICS, VOL 10, ND. 5, OCT. |970, 
PP. 406-409//STEWART,R. B. , HUST,J.G. AND HCCAR TV , R . D . , INTERIM 
THERMODYNAMIC PROPERTIES FOR GAS20US AND LIQUID OXYGEN AT 

TEMPERATURES FROM 55 TO 300 K AND PRESSURES TO 300 ATM. REP. 7922, 
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§ i , 

I NATIONAL 3UREAU OF STANDARDS (NASA CR-55332) , OCT. 1, 

. f. 1 963 //THALLER, L. H. , POST,R.E. AND E ASTER, R. W . , EFFECTS 0? CARBON 

t DIOXIDE ON TRAPP2D ELECTROLYTE , HYDROGEN-XOYGEN, ALKALINE FUEL 

I CELLS. PRESENTED AT THE 5TH I5TEBS0CIETT ENERGY CONVERSION 

| ENGINEERING CONFERENCE, LAS VEGAS, NEV. , SEP. 21-25, 

j- 1 970 //EASTER, R. W. , THE GAS PHaSE IN POROUS FUEL-CELL ELECTRODES. 

| NASA TN D— 6 168, 1971 


| -SOURCE INFORNATION- 

l CORPORATE SOURCE - 

l ' NATIONAL AERONAUTICS AND SPACE AD HI NISTRATI ON. LEWIS RESEARCH 

% CENTER, CLEVELAND, OHIC 

£ REPORT NUN3ER - . 

| N7 3 -1 9 056//NAS A-T NX -2686 

* OTHER IN FOR NAT ION - 
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keys 16658 through 16698 


HAZARDS OF CRYOGENIC SYSTEMS (LKS* PART 1 0? 3. ) 

hy 

TAN DYNE, 3. H. 

07/00/59 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

U/Uncestr icted Unlinited Suaaaty Good/Excel. 


-A3STRACT- 

THE VAST GROWTH OF INDUSTRIES PF ODUCI KC- 'CRYOGENIC -FLUIDS. WITH THE 
ATTENDANT BORE COBPLEX PROCESSING SYSTEMS IS CITED. THE IMPORTANCE 
OF ACCURATE ANALYSIS FOR, AND BINIHIZIHG OF CONTAMINANTS IN FUEL 
AND OXIDIZER PROCESS STREAMS IS STRESSED. APPROXIMATELY 15 
DIFFERENT ACCIDENTS IN HYDROGEN AND OXYGEN SYSTEMS, AND AIR 
SEPARATION PLANTS APE BRIEFLY REPORTED. A BRIEF ANALYSIS FOR THE 
POSSIBLE CAUSES OF EACH IS GIVEN. THE VARIOUS ACCID2NTS CITED WERE 
BELIEVED CAUSED BY BRITTLE FRACTURE OF METALS, OIL OR. OIL VAPORS 
MIXED WITH OXYGEN ENRICRiD ATMOSPHERES, CONTAMINANTS AND 
CONTAMINANT CONCENTRATIONS IN HIGH PRESSURE OXYGEN SYSTEMS, 
SMOKING IN OXYGEN ENRICHED ATMOSPHERES, POOR OPERATING PROCEDURES, 
AND VALVE ACTUATION IN HIGH PRESSURE OXYGEN SYSTEMS. EACH ACCIDENT 
IS ONLY BRIEFLY EXPLAINED ALONG WITH THE .POSSIBLE CAUSES OF EACH, 
BUT THE MOPE PREVALENT CAUSES OF ACCIDENTS IN OXYGEN AND HYDROGEN 
SYSTEMS APE CLEARLY FOINTID OUT. 


SOURCE INFORMATION- 


CORPORATE SOURCE - 

AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. . 

JOURNAL PROCEEDINGS - 

CRYOG. SAFETY CONF. , FPOC. OF, SESSION 1, 13-22, ALLENTOWN, 
PA., JUL 1959 
PUBLISHER - 

AIR PRODUCTS, INC., ALLENTOWN, PA. 

OTHER INFORMATION - 
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INVESTIGATION OF REACTIVITY OF LAUNCH VEHICLE MATERIALS 
WITH LIQUID OXYGEN, CHARTER LY REPORT NO. 3/ OCT 23 , 1968 TO 

JAN 22, 1969 



PAGE IS 
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HILL,!. 

CH1.M3EFL AIS, D.L . 
SI RI NSHAM, R.S. 

K IRS HEN, N. A. 

rs vi n , <f. 

02/12/63 


SECURITY CLASS ACCESS LEVEL FPPOP7 CLASS ENTRY EVAL. 

J/Unc ts r r ict Nils Incremental Good/Excel. 


PAC7- 



<1 s el d gf-d'p of organic compounds here impact tested with the 
Ajma lrop-'aeigh: t e"-ter r.«-iu<; this report period, attempts were 
made to cr prelate t.hi impact s ins ttivities df these compounds with 
TliZIF. PHYSICAL r ’-0->r;pri :s and chemical structure, in some 
INSTANCES S'IHG'0'' FS OF i.GM &jn N DS THAT ARE RELATED 3Y THEIR 
-HEMIC AL STRUCTURE i’AVS E Xi r I ? I TEC SENSITIVITIES CORRELATING WITH 
Td EIP FLASH porrs. CHEMICAL STRUCTURE HAS ALSO BEEN SHOWN TO BE A 
FACTOR It: IMPACT SENSITIVITY. THE IMPACT SENSITIVITIES OF COKENE, 
TOLUENE, AND ? - c?JT¥ L3F.NZ SK2 A R £ IN THE SAME ORDER AS, THEIR 
REACTIVITIES TOWARD PER ox Y RADICALS IN OXIDATION. A FEW OF THE 
COMPOUNDS THAT '.'FR ? IMPAoI TESTED -EPS IGNITED BY THE HOT-WIRE 
METHOD, AN 1 MINIMUM IGNITION TEMPERATURES AND IGNITION-DELAY TIMES 
WERE "CV-SURED. THE HOT-WIR? SENSITIVITY DF COMPOUNDS WITHIN 

c e r t n i iroups w:.Rc again found ro correlate with the ease of 

Hot -WIRT IGNITION. ?U b 7 H r’F MCr E, HOT-WIRE DATA APPEAR TO AGREE WITH 
IMPACT DATA. TWO PRELIMINARY F XPERT ME NTS LEAPI NG TO THE USE OF 
HIGH-SPF.i.D PH OT C ,: ?A. FMY FOR THU STUDY Or IMPACT- INDUCED IGNITION 
MECHANISMS WERE PUP/ 0 s MED. 


-PERTINENT FIGUPES- 

FAb.1 IMPAI- SENSITIVITY 7ER3U3 PHYSICAL P ROPEP T IES FOR PURE 
ORGANIC COMPOUNDS, PAGE F//7A3. 2 COMPAPISON OF IMPACT AND HOT- WIPE 
SENSITIVITY D..TA, PAGE 9//TAB . 3 REACTION OF OXYGEN WITH ME(6)AL(21 
IN CF <2)0 (2) , PAGE 13 


-LI PL 10 Sr APHY- 

F.P. BOWLIN AND A . D . YOFFE , INITIATICN AND GROWTH Or EXPLOSIVES IN 
LIQUIDS ANT SOLIDS, CAMBFILEr UMIVFPSITY PRESS, 1952// J. A. HOWARD, 
W.J. SCH WALK, AND K.N. ISOGLD, ADV. IN CHEM . SEP. 75, 20 




(196B) //QUARTERLY PROGRESS REPORT NO. 2, INVESTIGATION OF 
REACTIVITY 0? LAUNCH VEHICLE MATERIALS WITH LIQUID OXYGEN, SSI 
PROJECT PEU-7223, CONTRACT NO. NAS8-21316, NOVEMBER 12, 1968// 
REPORT NO. 3, INVESTIGATION OF REACTIVITY 0? LAUNCH VEHICLE 
MATERIALS WITH LIQUID OXYGEN, SRI PROJECT PRO 7223, CONTRACT NO. 
NA S3 -21316, SEPTEMBER 12, 1968//A.O. DAVIES AND 3.P. ROBERTS, J. 

CHSM. SOC. (3), 1074 (1968) //J. A. HOWARD, K.U. INGOLD, AND M. 

SYMONDS, CSN. J. CHEM., 46, 1017 ( 1968)//L. HORNER AND W. 

J U R GEL E IT , ANN. CHEM., 591 , 138 (1955) 
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FIRE AND 21 P LOS I CH HAZARES OF FLIGHT VEHICLE COMBUSTIBLES 

by 

LITCHFIELD, £. L. 

PERLFE, H, E. 

0 3 /CO /b 5 


ECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

/Unrestricted NTIS Incraaent?! Good/Excel. 


-A3STRACT- 

;EV2RE EXPLOSION HAZARDS COULD RESULT FROM A MASSIVE SPILL OP 
ON-HYP EFGOLIC FUEL AND 0XIDI22P OF A MISSILE PROPULSION SYSTEM # 
HIS PROBLEM WOULD i3S ESPECIALLY SEVERE WITH THE HIGH-ENERGY 
lYSTEMS WHERE ONE CR 30T H OF THE PROPELLANT COMPONENTS ARP. 
IRYOGENS. THE SENSITIVITY OF TWO SUCH SYSTEMS, LIQUID HYDROGEN 
•LUS SOLID OXYGEN PLUS DILUENT AND LIQUID OXYGEN PLUS SOLID 
It DROCAP BON PLUS DILUENT, HAS BEEN INVESTIGATED EMPLOYING A 
>ROJECTILE IMPACT TO DET IBM IN E THE SHOCK REQUIRED TO DETONATE 
‘HESE MIXTURES. WITH NO DILUENT, EACH EXPLOSIVE SYSTEM IS 
NITIATED BY A SHOCK STIMULUS OF 1.0 TO 2. 5 K BAR . THE EXPLOSIVE 
I ELDS APE SUCH THAT 1-LB CRYOGENIC MIXTURE IS EQUIVALENT TO 0.6 
ro 2.0 LB TNT. SODIUM CHLORIDE, NITROGEN, AND METHYL CHLORIDE HAD 
tNERT DESENSITIZING EFFECTS UPON THE LIQUID HYDROGEN MIXTURES BUT 
II D NOT REDUCE THE EXPLOSIVE YIELD. SODIUM CHLORIDE AND NITROGEN 
)ES ENS IT IZ ED THE LIQUID OXYGEN SYSTEM, SODIUM CHLORIDE OR HATER 
(EDUCED THE EXPLOSIVE YIELD OF THIS SYSTEM. LARGE VOLUMES OP 
)2T0N ABL E, GASEOUS HYDROGEN-OXYGEN MIXTURES WOULD RESULT FROM A 
IA SSI VE SPILL OF LIOUID HYDROGEN-LIQUID OXYGEN. INHIBITION 0? 
)ETONAT ION INITIATION BY DRY POWDER PARTICLE ADDITIVES WAS 
INVESTIGATED. THE POWDER ADDITIVES PRODUCED INSIGNIFICANT 
'.8 H IB IT ION IN COMPARISON TO THAT PRODUCED BY GASEOUS DILGEHTS. 
LAMMABI LIT Y LIMIT E ET ERM INAT IONS OF FOUR ADDITIONAL HALOSENA TED 
IY DROCAR BON S ARE INCLUDED IN A DISCUSSION OF THE CHARACTER 1ST ICS 
I? 10 SUCH COMPOUNDS. MOST OP THE COMPOUNDS WERE FLAMMABLE IN 
HI GEN ATMOSPHERES AT TEMPERATURES BELOW 200 DEGREES F, THEIR 
OHBUSTI ON PRODUCTS INCLUDED TOXIC HALOGENS OR HALOGEN HALIDES. 5 


-PERTINENT FIOUPES- 

IG. 1 TYPICAL PRESSURE HISTORY RECORD OBTAINED DURING COMBUSTION 
? 50 VOLUME PERCENT CF(2)3R(2) IN AN OXIGEN ATMOSPHERE IN A 
-POOT DIAMETER SPHERE, PAGE 23//FIG.2 APPARATUS USED TO MEASURE 
AXIMUM EXPLOSION PRESSURE S D HRI N3 COMBUSTION OF CONFINEDGAS 
IXTURES, PAGE 2U//TA8. 1 PROJECTILE IMPACT SENSITIVITY OF LH (2) 
LUS 0(2) PLUS DILUENT, PAGF 5//TAB.2 PROJECTILE IMPACT 
ENSITIVITY OF LO (2 ) PLUS SOLID HYDROCARBON PLUS DILUENT, PAGE 
//TAB. 3 MINIMUM AUTOIGNITION TEMPERATURES (DEGREE F) (2) OF 


94 


! 


HALOGEN ATED HTDROCAPBONS IN VARIOUS OXIDANT ATMOSPHERES AT 
ATMOSPHERIC PRESSURE IN A 250-CC GLASS VESSEL, PAGE 14//TAB. 4 
YIELD OF CARBON DIOXIDE IN AN OXYGEN ATMOSPHERE AT VARIOUS 
TEMPERATURES PD3 A REACTION PERIOD OP ONE MINUTE IN A GLASS 
VESSEL, PAGE 16//TAB.5 LIMITS OF PLANHABILITY OP VARIOUS 
HALOGENATED HYDROCARBONS (VOLUME PERCENT) IN GLASS AND STAINLESS 
STEEL, PAGE 16//TAB.6 LIMITS OF FLAMMABILITY OP VARIOUS 
HaLO GEN AT ED HYDROCARBONS (VOLUME PERCENT) IN AIR, OXTGEN AND 
NITROGEN TETROXIDE ATMOSPHERES IN GLASS VESSELS, PAGE 17 //TAB. 7 
MAXIMUM PRESSURES, RATES OF PRESSURE RISE AND BROMINE 

CONCENTRATIONS DEVELOPED DURING COMBUSTION OF FIVE HALOGENATED 
HYDROCAREONS IN OXYGEN AND AIR ATMOSPHERES, PAGE 18. 
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COMBUSTIBLES . ASD TECHNICAL REPORT 61-278, SUPPLEMENT 3, JUNE 
1964 , AERONAUTICAL SYSTEMS DIVISION, W R IGHT-P ATTER SON AIR FORCE 
BASE, OHIO//AMERICAN INSTITUTE OF PHYSICS HANDBOOK. 2ND ED., 
MCGRAW-HILL BOOK CO., INC., NEW YORK, N. Y., 1963, PP . 4-201 AND 

9-7//HAN DBOOK 0? CHEMISTRY AND PHYSICS. 4 1 ST ED., CHEMICAL PUBBEP. 
PUBLISHING CO., CLEVELAND, OHIO 1959, P. 6 1 8//PRDCEEDING S OF THE 
VIITH INTERNATIONAL CONFERENCE ON LOW TEMPERATURE PHYSICS. EDITED 
BY G. M. GRAHAM AND A. C. H. HALLETT, UNIVERSITY OF TORONTO ; 

PRESS, 1961, P. 671// KINNEY, G. F. EXPLOSIVE SHOCKS IN AIR. I 

MACMILLAN CO., NEW YORK, N. Y., 1962, CHAPTER 6, PP. 89- 100//COOR , j 

M. A. EXPLOSION HAZARDS IN PROPELLANTS. CHAPTER 13 IN CRYOGENICS ! 

TECHNOLOGY. EDITED BY R. W. VANCE, UNIVERSITY OF CALIFORNIA ' ; 

ENGINEERING AND PHYSICAL SCIENCES EXTENSION SERIES, JOHN WILEY AND 
SONS, INC., NEW YORK, N. Y., 1963, P. 420//INTERNATIONAL CRITICAL 
TABLES OF NUMERICAL D«TA, PHYSICS, CHERISTPY AND TECHNOLOGY. VOL. 

3, 1928 , P. 28// STUDY OF DETONATION INDUCTION IN SOLID 

PROPELLANTS BY LIQUID PROPELLANT EXPLOSIONS. MONTHLY PROGRESS ; 

REPORT ON CONTRACT NAS 8-11043, REPORT NO. 0797- 0 1 ( 1 2) HP /JUL Y * 

1964, AEROJET GENERAL CORPORATION, DOWNEY, CALIFORNIA// 
LITCHFIELD, ELTON L. , MARILYN H. HAY, AND DAVID R. FORSHEY. DIRECT j 

INITIATION OF FREELY EXPANDING GASEOUS DETONATION WAVES. 9TH ' 

SYMPOSIUM (INTERNATIONAL) ON COMBUSTION. ACADEMIA PRESS, INC., NEH : 

YORK, N. Y. , 1963, PP. 28 2-285//GR EEN, H. L„, AND W. R. LANE. \ 

PARTICULATE CLOUDS, DUSTS, SMOKES, AND MISTS. E AND FN S PON, LTD., 1 

LONDON. 1957 . PP. 1 26-166 i 
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SAFETY OF MATERIALS IN CONTACT WITH LIQUID OXYGEN 

by 

XELLER,E.£. 

02/21/57 


SEC 0 PITY CLASS ACCESS LEVEL P.E POST CLASS ENTRY E? AL. 

U/Other Govt./Contr. Increaental Good/Excel. 


-ABSTRACT- 

TEST ,1 ET HO D AND APPARATUS AND TEST RESULTS OF IMPACT SENSITIVITY 
OF VARIOUS MATERIALS IN LIQUID OXYGEN ARE PRESENTED. ALSO 
PRESENTED ARE AN ABSTRACT OF A PAPER ON BEHAVIOR OP LIQUID OXYGEN 
AND A LITERATURE SURVEY OF REACTIONS OF ORGANIC MATERIALS WITH 
LIQUID OXYGEN. CONCLUSION IS THAT MOST REDUCING AGENTS AND 
HYDROCARBONS IN CONTACT WITH LIQUID OXYGEN CONSTITUTE A POTENTIAL 
EXPLOSIVE HAZARD. 


-PERTINENT FIGURES- 



D&ANING IMPACT TESTER PAGES 17-26//TABLE 1 IMPACT SENSITIVITY OF 
MATERIALS IN CONTACT WITH LIQUID OXYGEN PAGES 6-10//TABLE 2 EFFECT 
OF IMPACT ENERGY ON SENSITIVITY PAGE 1 1//TABLE 3 EFFECT OF IMPACT 
ENERGY ON SENSITIVITY PAGE 12 //TABLE 4 IMPACT SENSITIVITY OF 
MATERIALS IN CONTACT WITH LIQUID OXYGEN PAGE 12(A) 


-BIBLIOGRAPHY- 

BEHAVIOR OF LIQUID OXYGEN, BY E. W. BALTS, GENERAL ELECTRIC 
COMPANY, REPORT 45783//BEF. GE3, H., CHEMICAL ABSTRACTS V CL 35, P. 
5704//3UPBO, P. Z. CHEMICAL ABSTRACTS VOL 38, P. 865//C I.A UDE , G., 
CHEMICAL ABSTRACTS VOL 29, P. 8334// CLAUDE, G. , CHEMICAL 
AfaSTEACTS VOL 29, P. 527 4// HOW AF D, H. F. , ET AL. U. S. BUREAU OP 
MINES BULLETIN 503 (1952) //COX, ANNA, ET AL. JOURNAL OF PHYSICAL 
AND COLLOID CHEMISTRY. (1950) PP. 665-70//DAKCKW0RT, P. W., 
CHEMICAL ABSTRACTS VOL 22, P. 687//DENUES, A. R. T. CHEMICAL 
ABSTRACTS VOL 35, P. 1 6 34// 01 PLO CK , D. L., CHEMICAL ABSTRACTS VOL 
47, P. 5686//FASTOVSKXI, V. 3., ET A L. JOURNAL OF PHYSICAL 
CHEMISTPY (USSR) VOL 15 (1941) PP. 523-531// FFDEROVA, M. P,, 
JOURNAL OF PHYSICAL CHEMISTRY (USSR) VOL 14 (1940) PP. 422- 

426//H2NGLII N, F. A., CHEMICAL ABSTRACTS VOL 20, P. 1 7 1 6 //HO WELL , 
S. P., U. S. BUREAU OF MINES, TECHNICAL PAPER NO . 29'i 

( 1923) //HUNTER, M. A., JOURNAL OF PHYSICAL CHEMISTRY VOL 10, 
(1906) FP. 3 30 -360// IS HX I N , I. P. , JOURNAL DF PHYSICAL CHEMISTRY 
(USSR) VOL 13 ( 1939) PP. 1 337- 133 9//HCCAHTH Y, L. V., CHEMICAL AND 

ENGINEERING NEWS VOL 21 (1949) P. 26 12//M ITTACH, A., CHEMICAL 

ABSTRACTS VDL 20, P. 1 7 1 6 //NOM HR A , Y. , CHEMICAL ABSTRACTS VOL 44, 
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LIQUID OXYGEN DISPOSAL VESSEL EXPLOSION 

by 

30YNE,W.J. 

00 / 00/66 


SECURITY CLASS ACCESS LEVEL 

O'/Unrestricted Unlimited 


REPORT CLASS EHT RY EVAL. 

Incremental Acceptable 


-ABSTRACT- 

AN EXPLOSION OCCURRED IN THE LIQUID OXYGEN DISPOSAL VESSEL OF AH 
AIR SEPARATION PLANT THAT WAS DESIGNED AND OPERATED IN SUCH A WAY 
AS TO AVOID ANY HAZARDOUS HYDROCARBON CONCENTRATIONS. A BLEED OF 
LIQUID OXYGEN FPOM THE BEBOILER PPEVENTS A BUILD-OP Or IHPURITY 
CONCENTRATIONS IN THE LIQUIFIER. THE TRANSFER OF INPUR ITI2S FROM A 
HYDROCARBON CONTAMINATED GASEOUS NITROGEN STREAM, EXISTING FROH A 
RICH LIQUID fILTEP UNDERGOING REGENERATION, TO LIQUID PHASE PURGE 
OXYGEN WHILE THEY FLOWED CONCURRENTLY THROUGH THE PURGE PIPING TO 
THE DISPOSAL TANK SUBSTANTIALLY INCREASED TO A HYDROCARBON LEVEL 
IN THE LIQUID TD A HAZARDOUS CONDITION WHICH THEN WAS PRESUMABLY 
IGNITED AND DETONATED BY A STEAM HEATED VAPORIZATION TRAY IN THE 
DISPOSAL UNIT. MODIFICATIONS PREVENT THE REGENERATION- GAS FROH 
INTIMATELY CONTACTING THE PURGE LIQUID OXY GEN , THEREBY INHIBITING 
ANY TRANSFER AND BUILDUP OF CONTAMINANTS IN THE PURGE STREAM. 


-PERTINENT FIGUPES- 

FI3.1 SIMPLIFIED PROCESS FLOW DIAGRAM, PAGE 7//FIG.2 ENGINEERING 
SKETCH OF THE LIQUID OXYGEN DISPOSAL VESSEL, PAGE 8//FIG.6 TYPICAL 
CONCENTRATION PROFILE FOR ACETYLSHS, PAGE 10//TAB. 1 HYDROCARBON 
ANALYSIS FOP PURGE LIQUID OXYGEN, PAGE 10 


-SOURCE IN FOFM ATION - 
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PUBLISHER - 
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THE RELATIONSHIP OF PHYSICAL, CHEMICAL AND THERMODYNAMIC 

PFOPERT IES TO SAFETY 

by 

MCKINLEY , C. 

11/17/70 


SECURITY CLASS 
U/Onrestr icted 


ACCESS LEVEL 
Unlimited 


REPORT CLASS 
Summa r y 


ENTBY EVAL. 
Good/Excel. 


-ABSTRACT- 


SE VERA L TESTS WERE CONDUCTED TO OBTAIN EXPERIMENTAL DATA ON THE 
EXPLOSIVE AND DETONATION C HARACTE RISTICS OF HYDROCARBON - LIQUID 
OXYGEN MIXTURES. A LIQUID MIXTURE OP 25 MOLE PERCENT METHANE AND 
75 MOLE PERCENT OXYGEN AT 76 K W AS DETONATED WITH A DYNAMITE CAP 
TO DETERMINE I? AN EXPLOSION COULD RESULT PROM CONDENSATION AND 
r RACTIONIZATION OF HYDROCARBONS AND AIR ON THE OUTSIDE OP A COLD 
PIPE. ANOTHER TEST NAS CONDUCTED TO DETERMINE THE LOWER EXPLOSIVE 
LIMITS OF A 50 - 50 METHANE - ETHANE MIXTURE IN LIQUID OXYGEN. IT 
WAS DETERMINED THAT THE LOWER EXPLOSIVE LIMIT FOR THE MIXTURE WAS 
About 6.2 MOLE FFRCENr. TBE POSSIBILITY OF a RELATIONSHIP BETWEEN 
THE EXPLOSIVE LIMITS OF GAS PHASE AND LIOniD PHASE CH{4)-0(2j 
MIXTURES WAS DISCUSSED. AN EXPERIMENTAL TEST WAS CONDUCTED TO 
DETERMINE THE LOWER AND UPPER EXPLOSION LIMITS OF METHANE IN 
LIQUID OXYGEN AT -320 DEGREES F, AND THE TEST RESULTS INDICATED 
THAT THESE LIMITS APE 10.5 AND 59 MOLE PERCENT METHANE IN LIQUID 
OXYGEN. A TEST WAS CONCOCTED TO DETERMINE IF CONCENTRATED 
HYDROCARBON CONTAMINATION IN SILICA GEL ADSORBENT COULD DEI ON AT E 
IN LIQUID OXYGEN. MIXTURES OF 4 AND 5 HOLE PEFCENT ETHANE IN 
LIQUID OXYGEN WERE DETONATEO AT -320 DEGREES ?. VARIOUS ASPECTS OF 
THE EXPERIMENTAL TESTS WERE DISCUSSED. 


-PERTINENT FIGUFES- 

TA6. 1 GAS PHASE FLAMMABLE LIMITS - CARBON ATOP APPROXIMATION PAGE 

81 


-SOURCE INFORMATION 


CORPORATE SOURCE - 

AIR PRODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. 

JUURNAL PROCEEDINGS - 

CRYOG. SAFETY CONF., PROC . OF., SEMINAR NO. 3, 79-85, 

ALLENTOWN, PA., JU L 19 59 
PUBLISHER - 

AIR PFObUCIS, INC., ALLENTOWN, PA. 
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SAFETY ASPECTS OF a EC OBSTRUCTED ICI TONNAGE OXYGEN PLANT 
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00 / 00/63 


SECURITY CLASS 
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ACCESS LEVEL 
0 n limited 


REP OPT CLASS 
Summary ' 


ENTRY EVAL. 
G ood/E xcel . 


-ABSTRACT- 

ON 2 1ST APRIL, 1959, A SERIOUS EXPLOSION OCCURRED IN THE TONNAGE 
OXYGEN PLANT AT THE WORKS 01 IMPERIAL CHEMICAL INDUSTRIES LIMITED 
AT BILLINGKAM-ON-TEES , ENGLAND, DURING THE COMMISSIONING 
P80CEDURES. THE EXPLOSION CAUSED THREE DEATHS, AND EXTENSIVE 
uk MAGE BOTH TO THE PLANT AND TO NEARBY FACILITIES. A COMPREHENSIVE 
AND DETAILED INVESTIGATION WAS UNDERTAKEN JOINTLY BY AIR PRODUCTS 
LTD. AND ICI, AND EXPERT ASSISTANCE WAS ALSO PROVIDED FROM 
INDEPENDENT SOURCES. WHILE THE INVESTIGATION CONCLUDED THAT THE 
CONSTITUENTS OF THE EXPLOSIVE MATERIAL WERE HYDROCARBON OIL FROH 
THE LUBRICATING SYSTEM OF THE TURBO EXPANDERS AND LIQUID OXYGEN 
FSOM LEAFING PIPE JOINTS IN THE COLD POX, A CRITICAL REAPPRAISAL 
(IN THE LIGHT OF THE GROWING KNOWLEDGE OF THE HAZARDS ASSOCIATED 
WITH AIR SEPARATION PLANTS) OF ALL ASPECTS OF PROCESS AND 
ENGINEERING DESIGN, FABRICATION AND c RECTI ON, WHICH COULD BE 
REGARDED IN ANY WAY AS 3EING POTENTIALLY HAZARDOUS, WAS UNDERTAKEN 
BY ICI AND APL PRIOR TO AND DURING THE RECONSTRUCTION OF THE 
PLANT. AT THE SAME TIME, AIR PRODUCTS LTD. INTRODUCED CERTAIN 
IMPROVEMENTS RELATING TO THE CYCLE, THIS PAPER, HOWEVER, IS 
CONFINED TO CONS I DER AT IO N ONLY OF THOSE CHANGES WHICH WERE 
RELEVANT TO SAFETY. 


-PERTINENT FIGURES- 

FIG.9 FINAL DESIGN CF LOX JOINT, PAGE 9 //FIG. 1 0 STRESS VARIATION 
IN LOX FLANGE BOI.TS DURING COOLING CYCLES, PAGE 9 


-SOURCE INFOFH ATION- 

COPPOPATE SOURCE - 

IMPERIAL CHEMICAL INDUSTRIES, LT D., /BILL IN GHAM /ENGLAND ' 
JOURNAL PROCEEDINGS - 

SAFETY IN AIP AND AMMONIA PLANTS, VOL 5, 1-15 (PROC. OF A 

SYMP. AT DENVER, COLO, AUG 26-9, 1962) 

PUBLISHER - 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, NEW YORK 
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THE ROLE 0? AIR COST AMIN ANTS IN FORMULATING OXYGEN PLANT 

SAFETY PRINCIPLES 


by 


ORIGINAL PArr? rc 
0P WOR £« 


MCKINLBY,C. 

HIMMELBERGER.F. 

03/00/57 


SECURITY CLASS ACCESS LEVEL REPORT CLASS. ENTRY EV AL° 

U/Unrestr icted Unlimited Summary G ood/E xcel . 


-ABSTRACT- 

I HIS ARTICLE TRACES THE HISTORY OF THE DEVELOPMENT OF AIR 
SEPARATION PLANTS RELATIVE TO SAFETY FROM EXPLOSIONS DUE TO 
CONTAMINANTS THAT REACT WITH OXYGEN. A TABLE OF ABOUT 25 COMMON 
CONTAMINANTS IN AN AIR PLANT SHOWS THE NORMAL BOILING AND FREEZING 
POINTS. ANOTHER TA3LE SHOWING THE SOLUBILITY LIMITS OF MOST OP 
THESE CONTAMINANTS IS ALSO GIVEN. THE EXPLOSION CH A RACT ERIS T ICS 
AND FLAMMABILITY LIMITS OS SEVERAL OF THE CONTAMINANTS IN LIQUID 
OXYGEN APE DISCUSSED. METHODS 0? CONTAMINATION LEVEL CONTROL OR 
REMOVAL ARE MENTIONED. ALSO DISCUSSED ARE METHODS OF PREVENTING 
EXPLOSIONS. EXPERIMENTAL EXPLOSION TEST DATA IS GIVEN. CONTINUOUS; 
HYDPOCARBCN ANALYSIS IS RECOMMENDED. 


-PERTINENT FIGUPES- 

FIG. 1 METHAN E-lIQUIL OXYGEN PHASE SYSTEM, PAGE 11//FIG.2 
ETHANE-LIQUID OXYGEN PHASE SYSTEM, PAGE 11//FIG. 3 EXPLOSION 
TESTING APPARATUS, PAGE 17// FIG. 4 SCHEMATIC DIAGRAM 3? CONTINUOUS 
TOTAL HYDROCARBON ANALYZER, PAGE 15// FIG. 6 SAMPLE STRIP CHART 
FROM ANALYZER SHOWING OPERATING CYCLE, PAGE 17// TA3.1 PROPERTIES 
OP SOME AIP CONTAMINANTS, PAGE 11//TAB.2 SOLUBILITY OF VARIOUS 
MATERIALS IN LIQUID OXYGEN, PAGE 11//TAB.3 GAS PHASE FLAMMABLE 
LIMIT - CAF BON ATOM APPROXIMATION, PAGE 15//TAB.4 FLAMMABILITY AND 
QE TO NABI LIT Y LIMITS - GASES, PAGE 15//TAB.5 EXPERIMENTAL EXPLOSION 
TEST DATA, PAGE 14// TAB. 6 TYPE OF CONTAMINANT ANALYSES, PAGE 17 
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L., BULL. 557, 3. S. 3 OB . OP MINES (1955 ) //SA NDS , W AIHW RIGHT AND 
23ESOB, REPORT OF INVESTIGATION 4547, U. S. BUR. OF MINES 
( 1949) //THOMAS, ET AL., AUTOMATIC APPARATUS FOR DETERMINATION OF 
NITRIC OXIDE AND NITROGEN, ANAL. CHEN., 28. 1810 (1956)// THORP, 

CLARK E., BIBLIOGRAPHY OF OZONE TECHNOLOGY, VOL. 1, ARMOUR 
RESEARCH FOU NDAT ION//BR ANK AH F, W., CONTRIBUTION TO THE ELUCIDATION 
OF THE CAUSE OF EXPLOSIONS IN A IR -LIQU EFACT ION PLANTS, CHEM . IND., 
38. 81-84 ( 1914)// POLLITZER, ? . , CONCERNING EXPLOSIONS IN 

AIR-LIQUEFYING AND RECTIFYING APPARATUS, Z. ANGEW. CHEM., 36. 
2b 2- 6 ( 1923) //FYLEHaN, S., EXPLOSIONS IN LIQUID AIR RECTIFICATION 
PLANT, J. SOC. CHEM. IND., 42. 37T-39T ( 1923), 42. 139T-142T 
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AGAINST THE DANGER FROM ACETYLENE -tiHING THE OPERATION OF AIR 
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-ABSTRACT- 

E IMPACT SENSITIVITY OF ORGANIC COMPOUNDS IN LIQUID OXYGEN WAS 
UDIED TO PEFINE THE IGNITION MECHANISM IN LOX AND TO ESTABLISH 
E RELATIONSHIP BETWEEN SENSITIVITY AND CHEMICAL AND PHYSICAL 
OPERTIES. A MODIFIED ABM A CROP-WEIGHT TESTER WAS OSED TO MEASURE 
E IMPACT SENSITIVITY. POR 18 CF THE 24 COMPOUNDS TESTED, A 
SITIV2 CORRELATION WAS FOUND TO EXIST BETWEEN THE RELATIVE 
NSITIVITY AND FLASH POINT. FIVE OTHER COMPOUNDS, REACTIVITY IN 
TOXIDATION. THE FELATIVE REACTIVITY OFT-BUTOXY AND T-BUTYL 
ROXY RADICALS TOWARD A VARIETY OF ORGANIC COMPOUNDS AT 50 
3 REES AND 100 DEGREES C WAS EX AM IN'. V . A GOOD CORRELATION WAS 
USD BETWEEN RELATIVE REACTIVITY OF BOTH RADICALS TOWARD FIVE 
DROCAREONS. THE CCRPELAT ICN FOR FOUR ALIPHATIC DERIVATIVES WAS 
S5 GOO. NO CORRELATION WAS FOUND BETWEEN REACTIVITY IN OXIDATION 
D IMPACT SENSITIVITY FOR THE ALIPHATIC COMPOUNDS TESTED. 
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-PERTINENT FIGUFES- 

G. 1 HOT-WIRE IGNITION APPARATUS PAGE 14//FIG.2 HOT-WIRE 
PARATUS SCHEMATIC DIAGRAM PAGE 16//FIG.3 SAMPLE SUPPORT 
PARATUS PAGE 17//FIG. 4 A NON-IGNITION (BLANK) PAGE 20//FI3.4B 
N IT ION OF BENZYL ALCOHOL (NO. 1) PAGE 20//FIG.4C IGNITION OP 
NZYL ALCOHOL (NO. 2) PAGE 20//FIG. 5 PLATINUM WIRE VS BRIDGE 
TPUT PAGE 21//FIG.6 DPOP-WEI3HT TESTER MODIFIED POR HIGH-SPEED 
OTOGRAPHY PAGE 24//PIG. 7 CROSS SECTION OF ANVIL ASSEMBLY PAGE 
//FIG. 8 LEXAN ANVIL-CUP PAGE 27//PIG.9 STILL PHOTOGRAPH OP 
ACTION FLASH PAGE 28// FIG. 10 TRIGGERED TRACES OF REACTION FLASH 
GE 30//FIG. 1QA IMPACT TRIGGERED TRACE PAGE 30//FIG. 10B LIGHT 
IGGERED TRACE PAGE 30//FIG. 11 IMPACT IGNITION AND PROPAGATION OP 
NZYL ALCOHOL IN LIQUID OXYGEN PAGE 32//FIG.12 APPARAFUS POR 
W-TEMPERATUR2 OXIDATION OF ME(6)AL(2) PAGE 49//PIG.13 NHF 
ECTRA OF REACTION? OF ME(6)AL(2) WITH 0(2) OF MEOH AT LOW 
MPERATURE PAGE 52//TAB. I IMPACT SENSITIVITY VS PHYSICAL 
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PROPERTIES FOR PURS ORGANIC COMPOUNDS PAGE 6 //TAB. II EFFECT OP 
DIBROMOM ETHANE ON IMPACT SENSITIVITIES OF BENZENE AND CUMENE PAGE 
13//TAB.III FIXED TEMPERA TORE S FOR HOT-MIRE CALIBRATION PAGE 18 
//TAB. IV COMPARISON C? IMPACT AND HOT-WIRE SENSITIVITY DATA PAGE 
22/ /T AB.V RELATIVE REACTIVITY OF ORGANIC COMPOUNDS TOWARD 

T-BUO (2). RADICALS IN BENZENE PAGE 37//TAB.VI RELATIVE REACTIVITY 
Or ORGANIC COMPOUNDS TOWARD T-BUO. RADICAL A* 100 DEGREES PAGE 
42//TAB.VII RELATIVE REACTIVITY OF BENZYL DERIVATIVES TOWARD 
l'-B'IO. RADICAL IN 3ENZENE AT 100 DEGREES PAGE 42// TAB.VIII 
RE LA T V L REACTIVITY CP ALIPHATIC COMPOUNDS TOWARD T-BUO. RADICAL 
IN 3.- 2NE PAGE 42//TA3.IX REACTION OF OXYGEN WITH NE(6)AL(2) IN 
CF(2)CL(2) PAGE 50//TAB.X RF ACT ION OF METHANOL WITH NE(6)AL(2) IN 
CF(2)CL<2) P A G 2 53// TAB. XI PHOTOLYSIS OF CF ( 3) N ( 2) CF { 3) IN 

OXYGEN-SATURATED SOLVENTS PAGE 5B 
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-ASSTRACT- 

THIS FEPCRT PPESENTS THE RESULTS OF THE PHYSICAL, METALLURGICAL, 
CHEMICAL, AND THERMODYNAMIC SURVEYS THAT H A V?: BEEN HADE ON THE 

HIGH-PRESStJRE TANK AND PLUH3IN3 SYSTEMS OF THE APOLLO SPACECRAFT. 
THESE SYSTEMS COMPRISE THE PRESSURIZE! OXYGEN, HYDROGEN, NITROGEN, 
PROPELLANT, AND HELIUM TANKS AND RELATED PLUMBING OF THE COMMAND, 
SERVICE, AND LUNAR MODULES. THE PURPOSES DF THE SURVEYS ARE TO 
LEND SUPPORT TD THE APOLLO 13 INVESTIGATION, TO PROVIDE REVIEW AND 
TO EXTEND KNOWLEDGE OF SPACECRAFT PRESSURE SYSTEMS, AND TO 
CONTRIBUTE .'TO THE SAFETY .OF FUTURE MANNED SPACE FLIGHTS. TO 
ACHIEVE THESE OBJECTIVES, DESCPIPTIVE DATA FOR ALL TANKS WERE 
COLLECTED, A METALLURGICAL SURVEY AND A COHPREHENS IV E PHYSICAL 
CHEMICAL SURVEY OF ALL SYSTEMS WERE MADE, AND SOME DETAILED 
THERMODYNAMICAL CALCULATIONS WERE PERFORMED. THE OVERALL 
DESCRIPTIVE SURVEY OF THE HIGH-PRESSURE TANKS USED ON THE APOLLO 
SPACECRAFT SYSTEMS, INCLUDING A REVIEW OF THE METALLURGY INVOLVED 
IN THEIR CONSTRUCTION, POINTED TO (1) THE IMPORTANCE DF A CRITICAL 
EXAMINATION DF ANY INCOMPATIBILITIES IN MATERIALS SELECTIONS AND 
(2) THE NEED FOR PH YS I DAL CHEMIST FY AND CATALYSIS STUDIES OF THE 
REACTION PROCESSES INVOLVED IN HIGH-PRESSURE FLUID SYSTEMS. THE 
RESULT IS A CRITICAL ASSESSMENT OF THE PHYSICAL AND CHEMICAL 
PROCESSES THAT CAN OCCUR IN HIGH-PRESSURE FLUIDS AND AH ASSESSMENT 
OF THE HAZARDS AND POSSIBLE FAILURE MECHANISMS ASSOCIATED WITH 
CONTAINMENT DF CRYOGENIC MATERIALS. FINDINGS BASED ON THESE 
SURVEYS ARE TABULATED IN THE REPORT. THE REPORT IS EXCELLENT. 


-PERTINENT FIGUFES- 

FIG. D-1 NUMBER 2 OXYGEN TANK PFESSURE HISTORY, PAGE 90//FIO.D-2 
NUMBER 2 OXYGEN TANK TSMPEPATUPE HISTORY, PAGF 91//FIG. D-3 NUMBER 
l OXYGEN TANK ENERGY HISTORY., PAGE 92//FIG.D-9 ENERGY-ADDITION 
3aTE HISTORIES, PAGE 98// T/H.J-1 APOLLO PRESSURE VESSELS, PAGES 

7- 1 1 //TAB. A-2 ANALYTICAL CRITERIA, PRESSURE, TENPEPATUR2, FLOW, 
AND ELECTRICAL DATA, PAGES 12-1“ 
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-ABSTRACT- 

I H IS PROGRAM HAS TWO MAJOP ASPECTS. (A> STUDY OF THOSE FACTORS 
AFFECTING THE IGNITION PROCESSES AND (B) STUDY OF THE CHEHICAL 
MECHANISMS OF FREE FADICAL FORMATION AND OXIDATION OF SELECTED 
ORGANIC MATERIALS. DURING THIS QUARTER, MOST OF THE EFFORT ON THE 
FIRST ASPECT OF THE FPOGRAM WAS DEVOTED TO MEASUREMENTS OP IMPACT 
SENSITIVITY OF SEVEFAL HOMOLOGOUS SERIES OF ORGANIC COMPOUNDS 
INCLUDING AROMATICS, NORHA1 AND CYCLOALKANES, AND ISOPROPYL 
DERIVATIVES. SOM- CORRELATIONS BETWEEN IMPACE SENSITIVITY AND 
PHYSICAL PROPERTIES HAVE BEEN NOTED. CALIBRATION OF THE HOT - HIRE 
APPARATUS HAS BEEN COMPLETED. IN THE SECOND PART OF THE PROGRAM, 
WORK HAS CONTINUED ON THE REACTION OF OXYGEN WITH 

TRIMETHYLALUMINUM AT -1«0 OEGFEES. KINETIC DATA INDICATE THE 
REACTION IS BIMOLECULAP AND EX CFPT ION ALL Y FAST. REACTIONS OF 
T-BUTOXY RADICAL WITH BENZYL AND ISOPROPYL COMPOUNDS REVEALED SOME 
SURPRISING REACTIVITY RELATIONSHIPS. BUT NO CLEAR EVIDENCE WAS 
OBTAINED. FOR CORRELATIONS WITH IMPACT SENSITIVITY MEASUREMENTS. 


-PERTINENT FIGUPES- 

FI3.1 SAMPLE SUPPORT APPARATUS, PAGE 9//FIG.2 BRIDGE OUTPUT VERSUS 
PLATINUM WIPE TEMPERATURE, PAGE 12//FIG.3 HOT WIRE IGNITION OF 
BENZYL ALCOHOL, PAGE 1U//TAB.1 INITIAL SCREENING TESTS FOP PURE 
ORGANIC COMPOUNDS, PAGE 5//TAR. 2 IMPACT TESTS OF FOUR PURE OPGAHIC 
COMPOUNDS, PAGE 7//TA3.3 FIXED TEMPERATURES FOR HOT-WIRE 
CALIBRATION, PAGE 11 
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-ABSTRACT- 

T HIS SHORT ARTICLE DISCUSSES THE RELATIVE SAFETY AND YET 
OCCASIONAL EXPLOSIONS THAT OCCUR IN LIQUID OXYGEN GENERATING 
PLANTS. EXPERIMENTS WITH ACETYLENE S HOV THE LONGER AS NELL AS SAFE 
OPERATING LIMITS FOR THIS HATE PI A L OZONE IS ALSO DISCUSSED AND 
EXPLOSIVE LIMITS GIVEN (ROUGHLY 18 PERCENT BY VOLUME IN LIQUID 
OXYGEN)) FOR LOX CONTAINING HYDPOCARBON IMPURITIES, GREAT CARE 
MUST BE TAKEN IN VAPORIZING THE LIQUID. 
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-ABSTRACT- 


AN EXPLOSION OCCURREL IN THE VAPORIZEP OF A LIQUID AIR SEPARATION 
PLANT AT THE DOMINION FOUNDARIES AND STEEL, LTD, HAMILTON, 

ON I A RIO , SEPT. 3C , 1959. THE AUTHOR DESCRIBES THE AIR 

LIQUEFICATION, PURIFICATION AMD SEPARATION CYCLE ERIEPLY AND THEN 
SPECULATES ON THE CAUSE OF THE EXPLOSION. AN EXCESSIVE 
ACCUMULATION OF ACETYLENE IN THE VAPORIZER DUF TO EXCESSIVE 
WARMING OF THE REGENERATOR IS BELIEVED TO HAVE CAUSED THE 
EXPLOSION. THE SOUPC2 OF THE CONTAMINANT MOST LIKELY CAME FROM 
NEARBY COKE OVENS. LARGE VOLUMES OF C0(2J WERE ALSO PRESENT. THE 
DAMAGE TO THE PLANT IS ILLUSTRATED AND DESCRIBED BRIEFLY. MANY 

CORRECTIVE NEASUPES WERE MADE TO THE PLANTS AND IN THE OPERATING 

PROCEDURES. SAFETY ALARHS AND PURIFICATION TESTS WERE ADDED. THE 
PAPER IS PRIMARILY CONCERNED WITH SAFETY. 
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TAB.1 ACETYLENE CONTAMINANT LEVELS IN PLANT DP EH AT 10 N, PAGE 
11 //TAB. 2 CONTAMINANTS ON THE RICH-LIQUID AND LIQUID OXYGEN 
FILTERS IN NO. 2 AND NO. 3 PLANTS , PAGE 11 
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-AB STRACT- 

THIS REPORT DISCUSSES A LIQUID OXYGEN PUMP INCIDENT THAT RESULTED 
IN CONSIDERABLE DAMAGE TO THE PUMP AND SHUTDOWN OF AN AIR 
SEPARATION PLANT. THE PUMP DESCRIBED IS A ID-STAGE VERTICAL PURP 
WHICH TAKES LIQUID OXYGEN FPCH THE REBOILER OVERFLOW AND 
DISCHARGES TO THF. MAIN AIR EXCHANGERS WHERE THE LIQUID IS 
VAPORIZED AND SENT TO STORAGE OR TRANSMISSION LINES. FOR 
RELIABILITY, TWO PUMPS ARE INSTALLED (ONE AS A SPARE) IN A SINGLE 
INSULATED PUMP BOX , AND THE SPARE PUMP IS KEPT OH COLD STAND-BY. 
INVESTIGATION REVEALED THAT THE COLD STAND-BY PROCEDURE PROVIDED 
MEANS OF CONCENTRATING CONTAMINANTS IN THE PUMP, AND ALTERNATE 
NON-CONCENTRATING METHODS OF COCLING WERE STUDIED AS A RESULT. 
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CORPORATE SD UR C 3 - 

AIR PFODUCTS AND CHEMICALS, INC., ALLENTOWN, PA. 

JOURNAL PROCEEDINGS - 

SAFETY IN AIR AND AHMCNIA PLANTS, VOL 5, 41-2 (PROD. OF A 

SYMP. AT DENVER , COLO., AUG 26-9, 1962) 

PUBLISHER - 

AHEFICAN INST. 0? CHEM. ENG., NEW YORK 
OTHER INFORMATION - 
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EXPLOSIONS CAUSED BY LIQUID OXYGEN' 
by 

NEPER ,U. 

00/00/6 3 

SECURITY CLASS ACC25S LEVEL FEPORT CLASS ENTRY EVAL. 

O/Unrestricted Unlimited Fasuary Acceptable 


-AiJSTRACT- 

CifEMISTS HAVE KNOWN FOR A LONG TIME THAT ALTHOUGH LIQUID OXYGEN 
ITSELF IS NON-FLAMMABLE AND NON-TOXIC, ITS HANDLING NEVERTHELESS 
PRESENTS SERIOUS RISKS AS ALL COMBUSTION IN THE PRESENCE OF OXYGEN 
IS MUCH QUICKER THAN IN THE AIR AND BECAUSE MIXTURES OF ORGANIC 
SUBSTANCES WITH LIQUID OXYGEN CAN 2 XPLODE. HANDLING OF OXYGEN IN 
LABORATORIES THEREFORE IS CARRIED OUT WITH EVERY RECOGNISED 
PRECAUTION AND ACCIDENTS ARE RARE. UNFORTUNATELY, IN RECENT TIMES, 
SOME SERIOUS EXPLOSIONS HAVE OCCURRED IN THE FEDERAL REPUBLIC OF 
GERMANY IN INDUSTRIES USING LIQniD OXYGEN ON A LARGE SCALE AND AT 
THE TIME OF TRANSPORTING THE LIQUID OXYGEN BY TANKER. THESE 
ACCIDENTS HAVE LED THE AUTHORITIES TO TAKE CERTAIN SPECIAL SAFETY 
MEASURES WHICH MAT BE OF INTEREST TO OTHERS CONCERNED WITH THIS 
BRANCH OF ACTIVITY. THE EXAHFLES AND SAFETY MEASURES CITED IN THIS 
ARTICLE APE OF GENERALLY COMMON KNOWLEDGE TODAY, HOWEVER,, AND IT 
IS THEREFORE OF MARGINAL INTEREST. 


-SOURCE INFORMATION- 

JOURNAL PROCEEDINGS - 

CHIM. IND. VOL 90, NO. 3, 178-83 (1963) (TRANSLATED BY ATOMIC 
ENERGY RESEARCH ESTABLISHMENT, HARWELL, BERKSHIRE) 

OTHER INFORMATION - 
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keys 8050 through 8052 


SAFETY ASPECTS IN THE DESIGH AMD OPERATION 0? OXYGEN 

SYST ESS 

by 

REYNAL2S,C.H. 

01 / 00/59 


SECURITY CUSS 
: J /On restricted 


ACCESS LEVEL 
unlisited 


R2P03T CLASS 
Sanaa r y 


ENTRY EVAL. 
Good/Excel. 


-A3STRACT- 

THIS PAPER DEALS WITH THI EEHAVICR AND PROPERTIES OF OXYGEN AS 
THEY APPLY TO SAFETY ASPECTS IN THE DESIGN AND OPERATION OF THE 
OXYGEN TRANSFER SYSTEM OF THE THOR MISSILE. THE PAPER SUMMARIZES 
THE FINDINGS OF A STUDY ON THE COMPATIBILITY OF MATERIALS WITH 
OXYGEN, LISTS THE RESULTS OF VARIOUS TESTS PERFORMED TO DETERMINE 
THE RESISTANCE OF M.ATEFIALS AND CONTAMINANTS TO IGNITION IN AN 
OXYGEN ATMOSPHERE, AND REVIEWS THE OBSERVATIONS FROM A FIELD 
SURVEY MADE AMONG THE ORGANIZATIONS MOST ACTIVELY ENGAGED IN THE 
PRODUCT IGN AND USE OF OXYGEN. THE OVERALL CONCLUSION FKOB THIS 
PROJ2CT IS THAT OXYGEN IS A POTENTIAL EXPLOSIVE*' WHICH SHOULD BE 
HANDLED WITH CARE. THERE ARE THREE BASIC ELEMENTS REQUIRED FOH 
COMBUSTION, ONE OF WHICH IS OXYGEN. THE OTHER TWO ARE THE 
COMBUST IFLE MATERIALS AND THE SOURCES OF ENERGY NEEDED TO INDUCE A 
REACTION. UNTIL WE LEARN MORE AEOUT THE FIRST ELEMENT, OXYGEN, IT 
IS NECESSARY TO CONTROL THE OTHER TWO. THIS CAN BE DONE BY 
SEDUCING OR ELIMINATING THE SOURCES OF ENERGY THROUGHOUT A SYSTEM 
AND 3Y A CLEANING AND MAINTENANCE PROGRAM AIMED AT THE ELIMINATION 
AND AVOIDANCE OF CONTAMINANTS. 


-BIBLIOGRAPHY- 

CLEAN AND PURGE EQUIPMENT, ENGINEERING TEST REPORT NO. 
SM-27448-1. 00 DOUGLAS AIRCRAFT COMPANY, IN C. , ; SANTA MONICA, 
CALIFORNIA (UNPUBLISHED)// COMPATIBILITY OF MATERIALS WITH OXYGEN, 
PROPULSION REPORT NO. 081-444, DOUGLAS AIRCRAFT COMPANY, INC., 
LONS BEACH, CALIFORNIA, OCTOEER 1, 1959// CURRENT PRACTICES IN THE 
DESIGN AND OPERATION OF OXYGEN SYSTEMS, PROPULSION REPORT NO. 
Odl-513, DOUGLAS AI F CRAFT COMPANY, INC., LONG BEACH, CALIFORNIA, 
(UNPUBLISHED) //LIQUID OXYGEN If! FACT SENSITIVITY TESTS, ENGINEERING 
TEST REPOFT NO. S M-274 48 -2. DO, DOUGLAS AIRCRAFT COMPANY, INC., 
SkNTA MONICA, SOLVENTS, PROPULSION REPORT NO. 087-311, DOUGLAS 
AIRCRAFT COMPANY, INC., LONG BEACH, CALIFORNIA, APRIL 23, 1958 


-SOURCE IS FORM AT ION - 
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CORPORATE SOURCE 



DOUGLAS AIRCRAFT CO . , INC., LONG BEACH, CALI?. 

JOURNAL PROCEEDINGS - 

CHEMICAL CLEANING OF MISSILE LAUNCHING FACILITIES AND 
COMPONENTS SYMP., TULSA, OKLA., JAN 20-1 , 1959. PAPES NO. 741 
OTHER INFORMATION - 
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keys 8153 through 8172 


SURVEY OF ACCIDENTS AT THE AIR SEPARATION PLANTS 


-ABSTRAC7- 

A LARGE NUMBER OF ACCIDENTS WHICH OCCURRED IN AIR SEPARATION 
PLANTS IN JAPAN AND ELSEWHERE ARE ANALYZED. CLAUDE-TYPE, 

LINDE-TYPE, AND PE AKKEL-TY PS SEPARATION PLANTS ARE DISCUSSED. 
ACCIDENTS SERE CLASSIFIED INTO EXPLOSIONS, BURSTING ACCIDENTS AND 
ACCIDENTS IN WHICH HUMANS WERE INJURED DR KILLED. VARIOUS 
ACCIDENT MODES ARE ANALYZED, AND THE SUCCESS OF APPROPRIATE 
COUNTERMEASURES IS DESCRIBED. DATA ON ALL AIR SEPARATION PLANTS IN 
JAPAN ARE GIVEN. MANY SAFETY RECOMMENDATIONS ARE GIVEN THROUGHOUT 
THE REPORT. 


-PERTINENT FI.GURES- 

TAB. 1 CLASSIFICATION OF ACCIDENTS BY THE TYPE, PAGE 13//TAB. 2 
CLASSIFICATION OF ACCIDENTS BY THE LOCATION, PAGE 14//TAB. 3 

CLASSIFICATION BY INDU5TFY, PAGE 1U//TAB. 4 YEARLY BREAKDOWN BY 
THE NUMBER DF ACCIDENTS, PAGE 15//TAB. 5 MONTHLY CLASSIFICATION, 
PAGE 1 6 //TAB . 6 PELATIONS BETWEEN THE TYPE AND THE LOCATION DF THE 
OACCIDENTS, PAG2 16//TA3. 7 RELATION BETWEEN THE INDUSTRY AND THE 
TYPE OF ACCIDENT, PAGE 16//TAB. B EXPLOSION ACCIDENTS IN THE AIR 
SEPARATION PLANT, PAGES 18-36//TAB. 9 BURSTING ACCIDENTS IN THE 

AIR SEPARATION PLANT, PAGES 44-47//TAB. 10 HUMAN ACCIDENT (BURN, 

FROST-BITE, SUFFOCATION) IN THE AIR SEPARATION PLANT, PAGES 
4 d - 5 1 /'/ TAB. 11 THE ACCIDENTS IN FOREIGN COUNTRIES, PAGES 
52-55//TAB. 12 PROPERTIES OF SOME OF THE AIR POLL U TAN IS, PAGE 

50//TA3. 13 SOLUBILITIES OF VARIOUS SUBSTANCES IN LIOUID OXYGEN AT 

MINUS 196 DEGREES C, PAGE 58//TAB. 14 EXPLOSION LIMITS OF VAPORS, 

PAGE 60//TAB. 15 EXPLOSION AND DETONATION LIMITS - GAS PHASE, PAGE 
6 1 //FIG . 9 SOLUBILITY OF ACETYLENE IN LIQUID 


-BIBLIOGRAPHY- 

AIR SEPARATION PLANT EXPLOSION ACCIDENT COUNTERMEASURE COMMITTEE 
DATA, I, II, III, BY THE AIR SEPARATION PLANT EXPLOSION ACCIDENT 
COUNTERMEASURE COMMITTEE, NOVEMBER 30, 1950//HIGH PRESSURE GAS 

ACCIDENTS AND COUNTERMEASURES, BY THE BUREAU OF LIGHT INDUSTRY, 
MINISTRY OF INTERNATIONAL TRADE AND IN DUSTR Y//RDTZL ER , R. W . , J. 
A, GLASS, W. S. GORDON AND W. P. HESLCP. OXYGEN PLANT REBOILZR 
EXPLOSION, CHEN. ENG. PROGR., VOL. 56, NO. 6, P. 31//WRIGHT, G. T. 
OXYGEN PLANT VAPORIZER EXPLOSION, CHEN. ENG. PROG., VOL 5 ), NO. 4, 
(961, P. 45//MATTHEWS, L. G. OXYGEN PLANT EXPLOSION, CHEH. ENG. 
PROGR., VOL 5), NO. 4, 1961, P. 48//MATTHEWS, W. D. AND G. G. 
OWEN. ASPECTS OP SAFETY CONSIDERED IN THE RECONSTRUCTION OF THE 
I.C.I. TONNAGE OXYGEN PLANT AT BILLINGHAN, A. I. CHFM , ENG., 1962 
SYMPOSIUM AT DENVER. V. REYNOLDS, CHSH. ENG. PROGR. , VOL 56, NO. 
6, 1 960, P. 7 3//DANGERS IN PRODUCTION AND CONCENTRATION OF OXYGEN, 
MODERNE UNFALLVSR HUTUNG, VOL 5, 1960/1 961 , P. 197//LANG, A. AIR 
FRACTIONATION PLANT EXPLOSION, CHEM. ENG. PROGR., VOL 58, NO. 2, 
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1'i62, P. 70//HARADA, KO. EXPLOSION ACCIDENT AT TIE A IH S^PAPATION 
PLANT IN DORTMUND, AND THE LESSONS. SAFETY ENGINEERING 2, NO. 3, 
\)ti P. ViSZ/MCKINLE Y , C. AND P. HI MMELB2PGEP (ATS PRODUCTS, 

INC *) . OXYGEN PLANT AIR CONTAMINANT SAFETY PRINCIPLES, CH2M. ENG. 
PROS?., VOL 52, NO. 11, 1957, P. 112, F. G. KERRY (AMERICAN AIR 

LIQUID, INC.). SAFETY ASPECTS OF MODERN AIR SEPARATION PLANT 

YCLES, CHEH. ENG. PROGR , , VOL 53, NO. 4, 1957, P. 181//MONNA, 

OH SI, EIZO KANDA, TETSUZO KITAGAWA, SHOICHI S AN AY ANAGI AND 
R YOICHI KUMAGAYA. STUDY ON THE AIP SEPARATION PLANT EXPLOSION 

PREVENTION CO UN TER M E A SORE S, JOURNAL OF THE HIGH PRESSURE GAS 
ASSOCIATION, VOL. 17, NO. 4, 1953, P. 1 28//K0 BA Y A SHI , YOSHITAKS. 
AND TETSUZO KITAGAWA. A RAPID METHOD POP THE QUANTITATIVE 
ANALYSIS OF TRACT NITROGEN DIOXIDE IN LIQUID OXYGEN xN AIR 
SEPARATION PLANTS, KOKA, VOL. 5d, NO. 9 , 1955 , P * *»51// ARAKI, 
SHUN AND TATSUO KATO. ANALYTICAL CHEMISTRY, VOL. 11, 1962. . . 5J3, 

SHUN ARAKI, TATSUO DAT3, NOIAKI UEKUSA, JUNJI KUZUMA. ANALYTICAL 
CHEMISTRY, VOL. 12, 1963, P. 1071 


-SOURCE INFORMATION 


REPORT NUMBER - 

N71-12657//NAS A-TT-F-1 3388 
JOURNAL PROCEEDINGS - 

J. AMMONIUM SULPHATE ENG. VOL 17, NO. 3, ( 1964] (TP AN SL . 

SCIENTIFIC TRANSLATION SERVICE, DEC. 1970) 

OTHER INFORMATION - 
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keys 8205 through 8206 


INVESTIGATION OF REACTIVITY Of LAUNCH VEHICLE MATERIALS 
WITH I.IOUID OXYGEN,. QUARTERLY REPORT NO. 3/ OCT 23 , 1968 TO 

CAN 22, 1969 

b v 


ORIGINAL page is 
0F POOR QUALITY 


*1 1 LL , T. 

CHAMBERLAIN, D.L. 
STRINGH AM.R.S. 
KIRS HEN, N. A. 
IRWIN, K.C. 

02/12/63 


SECURITY CLASS ACCESS LEVEL 

U/Unrestr ictel NTIS 


PEPORT CLASS ENTRY EVA L. 

Incremental Good/Excel. 


-ABSIRACT- 

k SELECTED GROUP OF ORGANIC COMPOUNDS WERE IMPACT TESTED WITH THE 
Ad MA DROP-WEIGHT TESTER CURING THIS REPORT PERIOD. ATTEMPTS WERE 
MADE TO CORRELATE THE IMPACT SENSITIVITIES OP THESE COMPOUNDS WITH 
THEIR PHYSICAL PROPERTIES AND CHEMICAL STFUCTUPE. IN SOME 
INSTANCES SUBGROUPS OF COMPOUNDS THAT ARE RELATED BY TREIB 
CHEMICAL STRUCTURE HAVE EXHIBITED SENSITIVITIES CORRELATING WITH 
T32IR FLASH POINTS. CHEMICAL STRUCTURE HAS ALSO BEEN SHOWN TO BE A 
FACTOR IN IMPACT SENSITIVITY. THE IMPACT SENSITI VITI ES CF CUMENE, 
TOLUENE, AND T -BUT Y L BENZ EN E AFE IN THE SAMS ORDER AS THEIR 
REACTIVITIES TOWARD PEROXY RADICALS IN OXIDATION. A FEW OF THE 
COMPOUNDS THAT WERE IMPACT TESTED WERE IGNITED BY THE HOT-WIRE 
METHOD, AND MINIMUM IGNITION TEMPERATURES AND IGNITION-DELAY TIMES 
WERE MEASURED. THE HOT-WIRE SENSITIVITY OF COMPOUNDS WITHIN 
CEBTAIN SUBGROUPS WERE AGAIN POUND CORRELATE WITH THE BASE OF 
HOT-WIRE IGNITION. FURTHERMORE, HOT-WIRE DATA APPEAR TO AGREE WITH 
IMPACT DATA. TWO PRELIMINARY EXPERIMENTS LEADING TO THE USE OF 
HIGH-SPEED PHOTOGRAPHY FOR THE STUDY OF IM P ACT- IN DUCED IGNITION 
M2CHANISMS WERE PERFORMED. 


>PERTINENT figufes- 

TAB.1 IMPACT. SENSITIVITY VERSUS PHYSICAL PFOPEPTIES FOR PURE 
ORGANIC COMPOUNDS, PAGE 6//TAB. 2 COMPARISON OF IMPACT AND HOT-WIRE 
SENSITIVITY DATA, PAGE 9//TAR.3 REACTION OF OXYGEN WITH ME(6)AL(21 
IN CF (2 ) C L (2 ) , PAGE 13 


-BIBL IOGRAPHY- 

r. P. FOWDEN AND A.D. YOFFE, INITIATION AND GROWTH OF EXPLOSIVES IN 
L10UIDS AND SOLIDS, CAMBRIDGE UNIVERSITY PRESS, 1952// J. A. HOWARD, 
W.J. SCHWALM, AND K. U. I H GOLD, ADV. IN CHEM . SSR . 75, 20 
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(1 968) //OUARTERLI PROGRESS FEPORT HO. 2, INVESTIGATION OP 
REACTIVITY OP LAUNCH VEHICLE MATERIALS WITH LIQUID ~ XYG3N , SRI 
PROJECT PRU-7228, CONTRACT NO. NAS8-21316, NOVEMBER 12, 1968// 
REPORT NO. 3, I NV EST IG AT IC N OF R2ACTIVITY OP LAUNCH VEHICLE 
MATERIALS WITH LIQUID OXYGEN, SRI PROJECT PRU 7228, CONTRACT NO. 
NAS8-21316, SEPTEMBER 12, 1968//A.G. DAVIES AND B.P. ROBERTS, J. 
CHEM. SOC. (B), 1 07 U (1968) //J. A. HOWARD, K.U. INGOLD, AND H. 

SYHONDS , CEN. J. CHEM., U6, 1017 ( 1968)//L. HORNER AND W. 

JU R GEL £ IT , ANN. CHEM., 591 , 138 (1955) 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

STANFORD RESEARCH INST., MENLO PARK, CALIF. 

REPORT NUMBER - 

N 69- 253C2//NA SA-£R-90«23 
SPONSOR - 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. MARSHALL SPACE 
FLIGHT CENTER, HUNTSVILLE, ALA. 

CONTRACT NUMBER - 

CONTRACT NASS -21316 
OTHER IN FO PM AT ION - 
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PROPELLANT STATIC SEAL DEVELOPMENT IH PROJECT HERMES 

by 

JENKINS, T.C. 

logan,s.e. 

11/00/54 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY E? AL. 

U/Unrestr icted NTIS Suaaary Acceptable 


-ABSTRACT- 

T U IS FEPORT REVIEWS THE AD VA NCEMENTS HADE TOWARD BETTER PROPELLANT 
SEALING DEVICES DUPING THE HERMES PROGRAM. IT DISCUSSES THE 
PROBLEMS WHICH WERE OVERCOME IN THE DESIGN OF COMPONENTS CARRYING 
LIQUID OXYGEN. IMPROVEMENTS APE NOTED FOR TUBE JOINTS, AND 
OdTOHATI ON TESTS WITH VARIOUS ELASTOMERS AR2 DISCUSSED. 


-PERT iN ENT PIGURES- 

FIG. 41 DETONATION TEST SCORE VERSUS FILLER FOR VARIOUS ELASTOMERS, 
PAGE 36// FIG. 42 DETONATION TEST SCORE. VERSUS HARDNESS FOR VARIOUS 
ELASTOMERS, PAGE 


-SOURCE INFORMATION- 


CORPORATE SOURCE - 

GENERAL ELECTRIC CO., SCHENECTADY, N.Y, GUIDED GISSILES DEPT. 
REPORT NUMBER - 

?54 AOS 6 2 //AD- 50 6 26 
SPONSOR - 

DEPT. OF THE ARMY 
CONTRACT NUMBER - 

CONTRACT DA-30-115-ORD-23 
OTHER INFORMATION - 
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keys 90 19 through 9021 


SAFETY PRECAUTIONS WITH RESPECT TO HYDROCARBONS IN AIR 
FRACTIONATING APPARATUS (SCHUTZM AFSN AK EM GEGEN 
KOHLENWA SSERSTOFFE IN LUFTTRENNER) 

bv 

KARWA?,S. 

11 / 00/60 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestricted Unliiited Incremental Good/Excel. 


-AiiSTRACT- 

THIS REPORTS THE INVESTIGATION OF AN EXPLOSION IN THE 

LI NDE-FRAENKL APPARATUS IN AN AIR SEPARATION PLANT. THE EXPLOSION 
TOOK PLACE WHEN LIOUID OXYGEN FROM THE ACETYLENE SEPARATOR WAS 
JlSCHAR GED. PREVIOUS TESTS SHOWED THAT THE ACETYLENE CONTENT OF 
THE STREAM WAS LESS THAN 0.C1 PPM SO THAT THE EXPLOSION MUST HAVE 
BEEN CAUSED BY OTHER HYDROCARBONS. IT APPEARS THAT THE PROPYLENE 
PRESENT IN THE STREAM PREVENTS THE SORPTION OF ETHANE AND IMPAIRS 
THE SORPTION OF PROPANE AND ETHYLENE. THE AUTHOR RECOMMENDS - 1* 
SORE VIGOROUS FLUSHING OF THE AUXILIARY VAPORIZER, WITH THE RETCBK 
Of THE OVEFFLOW LIOUID THROUGH THE ADSORBER PLACED AHEAD 0? THE 
AUXILIARY VAPORIZER. 2) SCRUBBING OUT OF THE HYDROCARBONS FROM THE 
AIR WITH THE SMALLEST POSSIBLE AMOUNT OF LIOUID AIR BEFORE ITS 
ENTRANCE INTO THE COLUMN. 31 ADSORPTION OF THE HYDROCARBONS FROM 
THE GASEOUS AIR BETWEEN THE REGENERATOR AND THE COLUMN. 4) 
REGENERATIVE ADS ORPT ION/ DES ORPT ION OF THE AIR ON A SORBENT LAYER 
PLACED AT THE COLD END OF THE RECENERATOR. 5) BURNING OF THE 
HYDROCARBONS BEFORE THE AIR ENTERS THE FRACTIONATOR. THE PAPER 
INCLUDES DETAILS FOR IMPLEMENTING THE RECOMMENDATIONS. 


-PERTINENT FIGURES- 

FIG. 1 ADSORPTION OF VARIOUS HYDROCARBONS ON SILICA GEL FROM THEIR 
SOLUTION IN LIOUID OXYGEN, PAGE 13//FIG.2 FLUCTUATIONS IN THE 
PROPANE CONTENT OF THE LIQUID IN THE PRESSUPE COLUMN AND IN THE 
MAIN CONDENSER, PAGE 14//FIG.3 ADSORBER FOP THE OVERFLOW LIQUID 
FROM THE AUXILIARY VAPORIZEP, PAGE 15//FIG.4 TEMPERATURE CHANGES 
IN THE GEL LAYER REGENERATOR, PAG'i 16 


-SOURCE I NFOR MATI ON- 

COP PORATE SOURCE - 

PULLACH NEAR MUNICH 
JOURNAL PROCEEDINGS - 

LINDE BER. TECH. WISS., NO. 10, 12-6 (NOV 1950) (IN GERMAN) 
(TRANSLATED BY F. E. E. GEPMANN, NBS, TRANS. NO. T-14, APR. 
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ST. PAUL SYMPOSIUM, PUBLISHED TRANSCRIPT 


-ABSTRACT- 


3UBJECTS DISCUSSED IN THE SYMPOSIUM INCLUDED SAFE DESIGN AND SAFE 
OPERATING PROCEDURES IN AIR SEPARATION PLANTS, A HYDROCARBON 
CONTAMINATION INCIDENT AND SAFE PURGING PROCEDURES DEVELOPED POR 
SUCH INCIDENTS, AND EXPLOSIONS IN AN AIR SEPARATION PLANT AND IN A 
COMPRESSOR, BOTH CAUSED BY CONTAMINATION. THE PAPERS INDEXED POR 
A5RDI ARE//HUGILL, J. T., YOUNG, V. M. , ANDERSON, C. P. , SIMMS, R. 
K. , COCHRANE, G. S. , ET AL, PEBOILERS AND VAPOR IZER S//ANDER SEN , C. 
P., UNATTENDED OXYGEN PLANTS// 30LLEN, R. F. , HYDROCARBON 
CONTAMINATION OF AN AIR SEPARATION PLANT// GIBBS, C. W. , 
COMPRESSOR EXPLOSION//ROTZLEP , R. GLASS, J. A., GORDON, W. E. , 

NESLOP, Vi. R. , OXYGEN PLANT EEBOILER EXPLOSION. 


-SOURCE INFORMATION- 


JOURNAL PROCEEDINGS - 

CHEH. ENG. PROGP. VOL 56, NO. 5 AND 6 (MAY 1960) (PRES. AT 
ST. PAUL SYMP. NAT. A.I.CH.E. MEETING, 1960, REPRINTED IN 
SAFETY IN AIR AND AMMONIA PLANTS VOL 2, AUG I960) 

OTHER INFORMATION - 
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keys 9210 through 9213 


AVIATOES BREATHING OXYGEN PROS AIRCRAFT CONVERTERS, 

EVALUATION OF 


-ABSTRACT- 

TWO SANFLES OF AVIATORS EREATHING OXYGEN WERE ANALYZED FOLLOWING 
AN ACCIDENT IN WHICH A PILOr WAS KILLED. THE LIQUID OXYGEN HAD 
BEEN OBTAINED FROM THE AIRCRAFT CARRIER USS BENNINGTON. THE 
SAMPLES WERE TAKEN FROM LCX CONVERTERS OF AIRCRAFT WHICH HAD 
OBTAINED LOX FROM THE BENNINGTON AT THE SAME TIME AS THE AIRCRAFT 
INVOLVED IN THE FATAL CRASH. THE SAMPLES CONTAINED CONTAMINANTS 
FAR IN EXCESS OF THE MAXIHUMS ALLOWED UNDER SPECIFICATIONS. PILOT 
COMPLAINTS OF BAD ODORS, HEADACHES, NAUSEA, AND LOSS OF 

COORDINATION WERE ATTRIBUTED TO THE OXYGEN SUPPLY. IT IS SUGGESTED 
THAT THE TOXIC EFFECTS OF THE CONTAMINANTS MIGHT BE ENHANCED WHEN 
BREATHING- -plJpE OXYGEN. IN ADDITION, ONE SAMPLE CONTAINED ACETYLENE 
IN EXCESS OF ITS SOLUBILITY IN LOX, CONSTITUTING AH EXPLOSIVE 
HAZARD. THE PEPOET RECOMMENDS THAT MEANS OF MONITORING CONTAMINANT 
L2VELS IN LOX BE PROVIDED TO AIRCRAFT CARRIERS AND ALL LAND-BASED 
PLANTS WHICH DO NOT HAVE SUCH INSTRUMENTATION. A SUGGESTED 
INSTRUMENT IS A GAS CHROMATOGRAPH SUCH AS THE NRL TOTAL 
HYDROCARBON ANALYZER. 


-PERTINENT PISUPES- 

TAB. ANALYTICAL DATA FOF OXYGEN SAMPLES FROM AIRCRAFT CONVERTERS, 
PAGE 5 


-SOURCE INFORMATION- 


CORPORATE SOURCE - 

NAVAL RESEARCH LAB., WASHINGTON, D.C. 

REPORT NUMBER - 
bl 80-1 76 

OTHER INFORMATION - 
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BEHAVIOR OP LIQUID OXYGEN 
by 

BALIS,E.W. 

02/00/57 


SECURITY CLASS 
U/Unrestr icted 


ACCESS LEVEL 
NT IS 


REPORT CLASS 
In creiental 


ENT RT EVAL. 
A cceptable 


-ABSTRACT- 

T H IS REPORT REVIEWS THE CHEMICAL PROPERTIES OF LIQUID OXYGEN. A 
'LITERATURE. SU.P.VEY WAS MADE CN THE REACTIONS OF ORGANIC MATERIALS 
WITH LIQUID OXYGEN. MUCH OF THE INFORMATION PERTAINS TO THE USE 
OF ORGANIC MATERIALS WITH LIQUID OXYGEN AS EXPLOSIVES, AND TO THE 
EXPLOSION HAZARDS OP HYDROCARBONS WTTH LIQOID OXYGEN. THE AUTHOR 
CONCLUDES THAT MOST REDUCING AGENTS AND HYDROCARBONS IN CONTACT 
WITH LIQUID OXYGEN CONSTITUTE A POTENTIAL EXPLOSIVE SITUATION. 


-SOURCE INFORMATION- 


CORPORATE SOURCE - 

GENERAL ELECTRIC CO. 

REPOST NUHB2R - 

GDC-8614//GEC -45783 
PUBLISHER - 

GENERAL DYNAMICS/CO NV AIR 
OTHER INFORMATION - 
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N EH DATA OH THE EXPLOSIVENESS 0? LIQUID OXYGEN AND 
HYD8C-CARB0NS { RUSSIAN) 

by 

gittsevich,g.a. 

E AS Y POV , Z . B. 

SAG A I D A K , V . J. 

00/00/59 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

U/Unr estr ict ed Unlimited Incremental Acceptable 


-ABSTRACT- 

EXPERIMENTS SHOWED THAT THE HEATING OP CYLINDER OIL, UNDER 
PRESSURE IN AIR, PRODUCES IOW-BOILING LIQUID AND GASEOUS 

HYDROCAFBONS AND COKE, THE PRODUCTS OF THERMAL CRACKING. THESE 
PRODUCTS, MIXED WITH LIQUID OXYGEN, WERE TESTED FOR EXPLOSION 
SENSITIVITY, AND WERE FOUND TO BE MORE SENSITIVE TO IMPACT THAN 
NITROGLYCERINE. THE DATA SHOW THAT ACETYLENE SHOULD NOT BE 
CONSIDERED THE ONLY CAUSE OF EXPLOSIONS IN AIR SEPARATION 

EQUIPMENT. PRODUCTION OF CRACKING GASES IN RECIPROCATING 
COMPRESSORS, AND THEIR CONDENSATION WITH OXYGEN IK AIR SEPARATION 
EQUIPMENT, CAN EXPLAIN EXPLOSIONS IN CASES WHERE ACETYLENE AND • 
LUBRICATING OIL WERE NOT FOUND. CLEANING OF THE PROCESS AIR, WITH 
REMOVAL OF ALL OILS AND OTHER HYDROCARBONS, CAN INSURE SAFE - 
OPERATION Of AIR SEPARATION EQUIPMENT. 


-PERTINENT FIGURES- 

TAQ. 1 COMPOSITION OF GASES OBTAINED BY THERMAL CRACKING OF OIL 
P-28 AT TEMPERATURES OF 200 AND 350 C, PAGE 14//TAB. 2 MINIMUM 
PRESSURE OF RUPTURE OF DIAPHGPAMS NECESSARY TO PRODUCE EXPLOSIONS 
IN VARIOUS MIXTURES, PAGE 15 


-BIB LI 0 IRA PH Y- 

JJTTSEVICH, G. A., CN REASONS FOR EXPLOSIONS IN CONDENSORS, 
COLUMNS AND ACETYLENE ADSORBERS AND METHODS DF PROTECTING AIR ' 
SEPARATION EQUIPMENT FROM 01 L, M A TE RI ALS OF THE TECHNICAL COUNCIL 
DN SECURITY 0? EX PLOS ICN-S AFE CONDITIONS OF OPERATION OF 

AIH-SEPAF ATION EQUIPMENT, V. N.I . I . K. I . H. A. SH. , MOSCOW, 

1956 //G I TTS 2VICH , G. A., ON REASONS FOR EXPLOSIONS IN 

AIR-SEPARATION EQUIPMENT, KISLOROD, 1957, NO. 2, P. 

27-33 //GI TTSEVICH, G. A., OBTAINING LIQUID OXYGEN FOR MEDICAL 
PURPOSES WITHOUT REPEATED CONDENSATION, KISLOROD, 1958, NO. 1, I. 
26-9//EPICH, V. N. AND PA7.HITNOV, V. K . , CHEMISTRY OF PETROLEUM 
AND ARTIFICIAL LIQUID FUEL, MOSCOW, 1 958//POLLIT2ER, , ON 


/ 
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2XPL0SI0HS IN APPARATUSES FOP LIQUEFACTION AND SEPARATION OF AIR, 
ZSCHR. F. ANGES. CHEfllE, 1923, VOL 36, NO. 39-40, P. 262-6 


-SOURCE INFORMATION 


JOURNAL PROCEEDINGS - 

KISLDROD, U.S.S.R. VOL 12, NO. 3, 12-6 (1959) (IN RUSSIAN) 

OTHER INFORMATION - 
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keys 18294 through 18301 

THE STUDY OP AIR SEPARATION PLANT EXPLOSIONS (JAPANESE) 

by - 

KITAGAWA, T. 

ET AL 

00/00/64 


S ECO R ITT CLASS 
U/Unrestricted 


ACCESS LEVEL 
Unliaited 


REPORT CLASS 
Sua*ary 


ENTRY E'/AL. 
Good/Excel. 


-ABSTRACT- 

TSES SATE ER Eir^NSIVF.. REPORT GIVES DETAILS OF AIR SEPARATION PLANT 
ACCIDENTS (EXPLOSIONS) FOR THE PERIOD 1930-1963. 48 ACCIDENTS ARE 
DETAILED IN ALL. EXT2NSIVE TA BLES ARE INCLUDED WSICH SO BHARIZE 
THE DATA IN VARIOUS WAYS. E. G. YEAR, HONTH, LOCATION, TYPE, TYPE 
OF INDUSTRY, ETC. OF THE Ue ACCIDENTS INCLUDED 37 WERE DIRECTLY 
INVOLVED WITH AIR SEPARATION PLANTS. THE REPORT ALSO INCLUDES 
DETAILS OF HAZARDS, EXPLOSION LIKITS, IGNITION SOURCES, ETC. THE 
REPORT ALSO DISCUSS ES -T HE VARIOUS TYPES OF AIR SEPARATION PLANTS 
AND GIVES A SUMMARY TABLE OF ALL AIR SEPARATION PLANTS IN JAPAN 
WITH DETAILS OF SIZE, USER, HAKER AND PURPOSE. THE ONLY HANDICAP 
TO THIS OTHERWISE FINE REPORT IS THAT IT IS IN JAPANESE. 


-PERTINENT FIGUBES- 

TAB.1 CLASSIFICATION OF ACCIDENTS, PAGE 7//TAB.2 LOCATIONS Or 
ACCIDENTS, PAGS 7//TAB.3 CLASSIFICATION OF INDUSTRIES IN WHICH 
ACCIDENTS OCCURRED, PAGE 7//TAB.4 NUHBERS OF ACCIDENTS 
(1 930-1963) , PAGE 0//TAB.8 LET AILS -OF EXPLOSIONS IN AIR SEPARATION 
PLANTS, PAGE 9//TAB. AIR SEPARATION PUNTS IN JAPAN AS OF OCTOBER, 
1962 , PAGE 31 


SOURCE INFORMATION 


JOURNAL PROCEEDINGS - 

P.IUAN GIJTlTSa VOL 17, NO. 3, 1-46 ( 1964) 

OTHER INFORMATION - 
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LIQUID EXPLOSIVE 


keys 18697 through 18699 


by 

MCKINLEY, C. 
06/07/60 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestricted Unliiited Suaaary Good/Excel. 


-ABSTRACT- 

THIS INVENTION RELATES TO EXPLOSIVES AND MORE PARTICULARLY TO AN 
EX PLOSIVE- SOLUTION COMPRISING FUEL MATERIAL DISSOLVED IN LIQUID 
OXYGEN. USERS OP OXYGEN AND OTHERS Pi HI LI A B WITH MANY OF ITS 
HAZARDS HAVE LONG LOCKED UPON FUEL -OXYGEN MIXTURES AS COMBUSTIONS 
TO BE AVOIDED WHENEVER POSSIBLE. THE INVENTION DESCRIBED HERE IN 
CONSIDERABLE DETAIL DEMONSTRATES THAT SOLUTIONS OF FUEL (E.S., 
METHANE, ETHANE, PROPANE) IN LIQUID OXYGEN CONSTITUTE AN IMPROVED 
FORM OF EXPLOSIVE THAT CAN BE PREPARED, STORED AND USED IN 
RELATIVE SAFETY UNDER CERTAIN CONTROLLED CONDITIONS. 


-PERTINENT FIGUPES- / 

FIG. 1 DIAGRAMMATIC VIEW OF REFRIGERATED VESSEL CONTAINING SOLUTION 
OF FUEL IN LIQUID OXYGEN//FIG.2 DIAGRAMMATIC ~ VIEW OP INSULATED 
PARTITIONED VESSEL CONTAINING FUEL AND LIQUID OXYGEN IN SEPARATE 
COHPARTNENTS//FIG. 3 DIAGRAMMATIC VIEW ILLUSTRATING ONE METHOD OF 
PREPARING, HANDLING, AND STORING A SOLUTION , 07 FUEL IN LIQUID 
OX Y GEN//FIG. 4 GRAPH OF SOLID- LIQUID EQUILIBRIA FOR METHANE-OXYGEN 
SXSTBH//FIG.8 BUBBLE POINT CURVES AT 14.7, 50, 100, AND 200 PSIA 
FOR THE OXYGEN-ETHANE SYSTEM PLOTTED AGAINST TEMPERATURE, TOGETHER 
WITH PARTIAL PRESSURE CURVES AT 0.60 AND 2.05 PSI FOR 
El HANE//PIG. 7 BUBBLE POINT CURVES AT 14. 7, 50, 100, AND 200 PSIA 
FOR THE OXYGEN-METHANE SYSTEM PLOTTED UGIINST TBHPEHATUHE, 
TOGETHER WITH PARTIAL PRESSURE CURVES AT 0.79, 2.7, 5.4, ASD 10.8 

PSI FOR METHANE 


-SOU BCE INFORMATION- 

REPORT NUMBER - 

U.S. PATENT NO. 2,939,778 
OTHER INFORMATION - 

0013 PAGES, 0000 FIGURES, 0000 TABLES, 0004 REFERENCES 
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keys 42 through 48 


HAZARD LEVEL OF HTDBOCABBOB FILMS IN SYSTEM S CONTAINING 
LIQOID A HD GASEOUS OXYGEN 


by 

KEHAT, E . 
08/00/61 


SECURITY CLASS ACCBSS LEVEL REPORT CLASS ENTRY EVAL. 

U/Onr estricted Unlimited Suaaary Good/Excel. 


-ABSTRACT- 

THE OBJECT OF THIS BOSS BAS TO OETERHI N2 REALISTIC STANDARDS OF 
CLEANLINESS IN STSTEfIS CONTAINING LIQUID AND GASEOUS OXYGEN. AN 
ARBITRARY FIGURE OF 4 MILLIGRAMS PER SQUARE FOOT WAD BEEN 

PREVIOUSLY . .. SET- Sf- - EXAMINATION OF SYSTEMS THAT HAD CAUSED NO 

TROUBLE IN THE PAST. IT BAS FELT THAT THIS FIGURE BAS TOO LOB AND 

THAT EXPERIMENTAL DETERMINATION OF THE SAFE LEVEL SHOULD BE MADE 
TO SET SUCH STANDARDS. BASED ON THE EXPERIMENTS REPORTED HERE, THE 
RECOMMENDED SAFE LEVEL CONTAMINATION BITH HYDROCARBONS B IT H 
VISCOSITY AND VAPOR PRESSURE SIMILA8 TO HIXADECANE IS 100 

MILLIGRAMS PER SQUARE POOT. 


-PERTINENT FIGDRES- 

FIG.1 IGNITION APPARATUS US IH6 GASEOUS OXYGEN PAGE 163//FIG. 2< 
IGNITION APPARATUS USING LIQOID OXYGEN PAGE 164//FIG. 3 IGNITION 
APPARATUS USING GASEOUS OXYGEN PAGE 164//FIG.4 IGNITION APPARATUS 
USING LIQOID OXYGEN BEFORE IGNITION PAGE 165//PIG.5 IGNITION 
APPARATUS USING LIQOID OXYGEN AFTER IGNITION PAGE 166//FIG.6 
UNBURNED HEXADECANE FILM' AFTER SPARK IGNITION IN GASEOUS OXYGEN 
PAGE 166 


-BIBLIOGRAPH Y- 

J.C. LESOER , APBMD/RTQTP AND C.L. B ILL I AMS, STL/FTD, DRAFT OF 
INTERIOR STANDARDS FOR LOX SYSTEMS, MAT 8, 1959//K.N. PALMER, J. 

INST. FUEL 29, P. 293 (1S56)//I.B. BASVBOV A HD V.G. HIKHEDOV, 
KISLOROD 12, NO. 5, P. 1 <1959). TRANSLATION NO. RO-2220 BY 
ASSOCIATED TECHNICAL SERVICES, INC. //AIR PRODUCTS, IMCOBPORAr ED, 
UNPUBLISHED HORK//H. BERGER, FED ERSCHUTZECH 21, P. 15 
(1941) //D.B. SPALDING, GAS TURBINES - VOL. 2. SORE FUNDAMENTALS OF 
COMBUSTION. BOTTEBHORTHS SCIENTIFIC PUBLICATIONS, LONDON (1955) 


-SOURCE INFORB1TIOB- 

COBPORATE SOURCE - 

AIR PRODUCTS AND CHEMICALS, INC., ALLENTONN, PA. 

JOURNAL PROCEEDINGS - 

ADV1NCBS IN CRYOG. ENG. VCL 7, 163-9 ( 1962) (PBOC. OF 1961 
CBYOG. ENG. CONF., 7TH , ABE AB80R, MICH., AUG 15-7, 1961) 
OTHER INFORMATION - 

0007 PAGES, 0008 FIGURES, 0001 TAB LBS , 0008 REFERENCES 
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keys 187 through 189 


DETERM INATION 0? ICET YLE NE IN LIQUID OXYGEN AND LIQUID 

NITPOGEN 

by 


DEE, L.A . 


07/18/61 


SECURITY CLASS ACCESS LEVEL REPORT CLASS EHTHY EVAL. 

U/Unrestr icteil NTiS Saasary Good/Excel. 


-ABSTRACT- 

AN EVALUATION' OP SEVERAL RAPID PROCEDURES FOR DETERMINING 
ACETYLENE IN LIQUID OXYGEN AND LIQUID NITROGEN IS PRESENTED. IN 
SEVERAL OF THE PROCEDURES THE ACETYLENE IS LOST WHEN THE 
INDICATING REAGENTS ARE ADDED. TWO PROCEDURES USING SILICA GEL AS 
AN ABSORBENT FOR ACETYLENE TO MINIMIZE THIS LOSS ARE DESCRIBED. 
THESE PROCEDURES APE SENSITIVE, RAPID, EMPLOY INEXPENSIVE 
EQUIPMENT AND REQUIRE LITTLE TRAINING TO PERFORM. 


-PERTINENT FIGUPES- 
TAB. 1 ACETYLENE CONCENTRATION PAGE 6 


-BIBLIOGRAPHY- 

AIR PRODUCTS, INC., ALLENTOWN, PA., ACETYLENE IN LIQUID OXYGEN 
TEST METHOD// BERTHSIOT, H. , CONPT. REND. 54, 1070 (1862) //HUGHES, 
ERNEST E., AND GORDBN, RALPH, ANAL. CHEN. 31, 94-8 

(1 9591 //ILOSVAY, LUDWIG, BER 32, 2697 (1899 ) //LI NDE COMPANY, LOS 

ANGELES, CALIF., ACETYLENE IN LIQUID OXYGEN TEST !t ETHOD. 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

l.IR FORCE SYSTEMS COMMAND, EDWARDS AFB, CALIF. 

REPORT NUMBER - 

SSD-TN-6 1 -1 //AD -4460 2 1 
OTHER INFORMATION - 
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keys JM. thr.vu-ih .'(>1 
SAMPLING PROCEDURE FOR LIQUID OXYGEN 

by 

JOHNS, S.D. 

12/31/63 


SECURITY CLASS ACCESS LEVEL PE PORT CLASS ENT RY EVAL. 

U/Unrestricted NTIS Suaaary Acceptable 


-ABSTRACT- 

T HIS IS A PROPOSED STANDARD OPERATING PROCEDURE FOB TAKING SAMPLES 
FROM LIOUID OXYGEN STORAGE AND TRANSPORT TANKS. THE STANDARD IS 
TO BE USED, BY., THE. DEPARTMENT OF DEFENSE AND UTILIZES A CRYOGENIC 

Sampler developed by cosmodyne. a bfiep review of the hazards 

ASSOCIATED WITH LIQUID OXYGEN HANDLING IS INCLUDED. 


-BIBL IOGRAPHY- 

MB0110-001, OXYGEN, LIQUID AND GAS//MIL-P-25508, PROPELLANT 
OXYGEN// CRYOGENIC SAMPLER, INSTRUCTION MANUAL//THE HANDLING AND 
i STORAGE OP LIQUID PROPELLANTS, OPFICE OP THE DIRECTOR OF DEFENSE, 
• RESEARCH AND ENGINEERING, JANUAPY 1963. 


-SOURCE INFOR MATION- 

• if 

■ CORPORATE SOURCE - 

NOPTH AMERICAN AVIATION, INC., DOWNEY, CALIF. 

•REPORT NUMBER - 

QEL-MET- 21- 123- 1 29//AD- 4592 05 

keys 269 through 271 

PERMISSIBLE CONTAMINATION LIMITS AND INSPECTION CRITERIA 
FOR LIQUID OXYGEN, LIQUID NITROGEN, RP-1 FUEL, GASEOUS 
OXYGEN, GASEOUS NITROGEN, INSTRUMENT AIR AND HELIUM, 
COMPONENTS AND HANDLING SYSTEMS, REVISION C 

-A8STRACT- 

; ■ TH E PURPOSE OF THE REPORT IS TO PROVIDE A STANDARD EXHIBIT 
lOUTLINING THE CLEANLINESS CRITERIA, AND INSPECTION PROCEDURES, TO 
ASSURE THE DESIRED CLEANLINESS LEVEL OF COMPONENTS AND SYSTEMS 
\ HANDLING LIOUID OXYGEN, LIQUID NITROGEN, GASEOUS NITROGEN, HELIUM 
AND RP-1 FUEL UTILIZED IN BALLISTIC MISSIES. S PECIFICAT IONS, 
.INSPECTION AND CLEANING PROCEDURES AND STANDARDS ARE GIVER. 

-SOURCE INFORMATION- 

CORPORATE S5TJRC2 - 

BALLISTIC SYSTEMS DIV., NORTON AFB, CALIF. 

REPORT HUMBER - 

BSD-EXHI BIT-6 1-3C// AD-6 15894 
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keys 281 through 283 


GAS-CHROMATOGRAPHIC METHOD FOR THE DETEFH IH A TION OF 
PDLLUTAMTS IH AVIATION LIOUID OXYGEN. (HETODO 
GASCROMATOGFAFICO PER LA DET ERM IN AZ IOH E DEGLI INOOINANTI 
NELL OSSIGENO LIQUIDO AVIO) 

by 

CIA NETTI , E. 

PECCI ,G . 

S CU DER I, G. 

00/00/65 


SECURITY CLASS ' ACCESS "LEVEL- REPORT CLASS EMTRT EVAL. 

O/Unrestricted Unliaitad Incremental Acceptable 


of ‘^ L qZ g ^ s 


-ABSTRACT- 

FOLLOWING AN EXPLANATION OF BASIC PRINCIPLES OF GAS CHROMATOGRAPHY 
AND SOME TOXICOLOGICAL CONSIDERATIONS OF REASONS FOR REDUCING 
MAXI NUN ALLOWABLE IMPURITIES IH OXYGEN, THE AUTHORS DESCRIBE A 
METHOD FOB QUICKLY DETERMINING BOTH ORGANIC AND INORGANIC 
IMPURITIES. ORGANIC IMPURITIES ARE DETERMINED WITH IONIZING FLAME 
GAS CHROMATOGRAPHY, INORGANIC ONES WITH A THERMISTOR SENSOR, IN 
TWO OPERATIONS, AFTER PRECONCENTRATION. 


-PERTINENT FIGUFES- 

r 1 3 S. I ' THRU; 4 ; GAS C EROF. ATOGRAPHY APPARATUS PAGES 33-1 
34 -5 //FIG?*. 5 THRU 13 CHROMATOGRAMS OF IMPURITIES IN OXYGEN PAGE 
37-42//TABLE MAXIMUM ALLOWABLE CONTAMINANTS PAGE 32 


-BIBLI03RAPHY- 

| HEFTMANN E. CHROMATOGRAPHY, REIHHOLD PUBLISHING CORP. , NEW YORK, 

! 1*61// KAISER R. GAS PHASE CHROMATOGRAPHY, 3 V3LL. - TRADOZIONE 

! P. H. SCOTT, BUTTENWORTHS, LONDON, 1 96 3//TBA NCH ANT J. MANUEL 
! PRATIQUE DE CH ROHAT QGR APHIS IN. PHASE GASEUSE, HASSON, PARIS, 1964. 


? -SOURCE INFORM ATION- 

’ CORPORATE SOURCE - 

■ HI NIST2RO DELLA DIFESA AERONAUT ICA, ITALY 

JOURNAL PROCEEDINGS - 

j FI V . MED. AERONAUT. SPAZ. VOL 28, 26-45 (JAN-HAB 1965) 

OTHER INFORMATION - 
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keys 287 through 288 

! 

ANALYSIS ?08 TRACE HYDROCARBON CONTAMINANTS IN OXYGBN j 

EEBOILERS 


LINDE, H.W. 
SCHMAOCH, G. E. ; 

00 / 00/66 


SECURITY CLASS ACCESS LEVEL PEPORT CLASS ENTRY EVAL. 

U/Onrestricted UnLinited Sutmary Acceptable 


-ABSTRACT- 

IN CONNECTION' SIT'H ' A' PROGRAM- TO STUDY THE CONCENTRATIONS OF 
HYDROCARBON CONTAMINANTS IN OXYGEN REBOILERS, A GAS 
CHROMATOGRAPHIC TECHNIQUE WAS DEVELOPED TO MEASURE C{3) THROUGH 
Z ( 6 > HYDROCARBON AT THE 1 TO 15 PART-P ER- BILLION L^VEL IN 
VAPORIZED LOX SAMPLES. THE PROCEDURE CONSISTED 0? PASSING A LARGE 
VOLUME OF OXYGEN (3-15 LITERS) THROUGH A SHORT ALUMINA ADSORPTION 
COLUMN COOLED TO -78 DEGREES C FOLLOWING WHICH THE ADSORPTION 
COLUMN WAS SWITCHED INTO A GAS CHROMATOGRAPH CARRIER GAS STREAM. 
THE COOLANT WAS REMOVED AND THE COLUMN IMMERSED IN WATER AT 95 
DEGREES C. THE HYDROCARBON CONTAMINANTS ELUTED FROM THE ADSORPTION 
COLUMN WERE CHROMATOGRAPHED ON. A 12rPOOT DIBUTYL MALEATE COLUMN AT 
40 DEGREES C. A SINGLE ANALYSIS COULD BE PERFORMED IN 30 MINUTES. 
THE REBOILERS OF FOUR OXYGEN PLANTS WERE SAMPLED AT WEEKLY 
INTERVALS OVER A SEVERAL HCNTH PERIOD. PROPANE WAS REGULARLY 
FOUND IK CONCENTRATIONS AS HIGH, AS 2300 PPB EACH WHILE THE 
PENTANES AND HEXANES WERE ORDINARILY BELOW THE DETACTABLE LIMITS 
BUT OCCASIONALLY ROSE TO THE 20 PPB RANGE. 


-PERTINENT FIGUPES- 

FI3.1 MODIFIED GAS CHROMATOGRAPH, PAGE 368//FIG.2 FLOW DIAGRAM, 
PAGE 368// FIG. 3 CHROMATOGRAM OF STANDARD GAS BLEND, PAGE 
370//TAB. 1 LIMITS OF HYDROCARBON DETECTION, PAGE 369//TAB. 2 
HYDROCARBONS IN REBOILER LCX, PAGE 371 


-BIBLIOGRAPHY- 1 j 

I 

! 

N. BFENNEP AND L. S. ETTRE, A NA L.% CHEM. 31. 1815, 1959//F. T. 

EG33RTSEN AND ?. M. NELSON, ANAL. CHEM. 30. 1040, 1958//C. A. 

GAULIN, E. R. MICH A ELS EN, A. B. ALEXANDER, JR., AND R. W. SAVER, 

CHEM. 2KG. PROGRESS 54. NO. 9, 48,;. 1958 

-SOURCE INPOP RATION- ' 
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AIR PRODUCTS AND CHEHICALS, IRC. , ALLENTOWN , PA. j 

JOURNAL PROCEEDINGS - 

ADVANCES IN CRT OG. ENG. VOL 11. 3*7-71 (PROC. OF 19*5 CRYOG. j 

ENG. CDNP., 1 1TH , HOUSTON, TEX, AUG 23-5, 1*^5} j 

PUBLISHER | 
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keys 419 through 421 


SAMPLING AND ANALYSIS OF LIQUID OXYGEN, SUPPLEMENT TO 
SUMMARY PROGRESS REPORT NO. 4 

by 

ENT, W. L. 

07/00/60 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY S VA L . 

U/Onrestr icted NTIS Sunmary Good/Excel. 


-'ABSTRACT- 

THIS SUPPLEMENTAL REPORT TO THE STUDY DF LIQUID OXYGEN 
CONTAMINATION DISCUSSES THE SAMPLING TECHNIQUES AND ANALXTICAL 
METHODS WHICH HAVE BEEN USED IN BOTH THE PRODUCTION AND USE OF 
LIQUID OXYGEN. tHE SAMPLING TECHNIQUES AND ANALYTICAL METHODS 
WHICH ARE NEEDED AND USED HAVE BEEN ESTABLISHED TO MEET THE 
REQUIREMENTS OF SEVERAL DIFFERENT ASPECTS OF THE PROBLEM, SUCH AS, 
MONITORING FOR OXYGEN PURITY, MAINTENANCE OF COMBUSTIBLES BELOW 
DANGEROUS CONCENTRATION LEVELS, CONTROL OF SOLUBLE CONTAMINANTS, 
AND CONTROL 0? SUSPENDED OR CONTAINED SOLID. SAMPLING AND 
ANALYTICAL TECHNIQUES WHICH ARE THE MOST ACCURATE, SENSITIVE, AND 
RELIABLE OF THOSE METHODS DISCUSSED,' ARE RECOMMENDED. THE 
RECOMMENDED TECHNIQUES COVER PURITY, TOTAL HYDROCARBON, CARBON 
DIOXIDE, ACETYLENE, WATER, AND PARTICULATES FOP BOTH PRODUCTION 
STREAMS, AND LIQUID IN STORAGE. 


" -PERTINENT FIGUPES- 

FIG. 1 SAMPLING METHODS, PAGES 11, 12, AND 13//FIG.2 ORSAT OXYGEN 

TEST , PAGE 22//FIG. 3 DEW POINT TEMPERATURE OF WATER VAPOR IN AIR, 
PAGE 2 9//TAB. 1 SELECTED PHYSICAL-CHEMICAL PROPERTIES OP LIQUID 
OXYGEN CONTAMINANTS, PAGE 3 //TAB. 2 CO(2) CONTAMINATION STUDY AT 
MARTI N-DENVER 75 I/O LIOUID OXYGEN FACILITY, PAGE 16//TAB.3 
TYPICAL CONTAMINANT CONCENTRATIONS IN HIGH PURITY LOX, PAGE 26 


-BIBLIOGRAPHY- 

HODS HAN , C. D. , EDITOR-IN-CHIEF, HANDBOOK OF CHEMISTRY AND 
'•PHYSICS, FORTIETH EDITION, CHEMICAL RUBBER PUBLISHING COMPANY, 
CLEVELAND, OHIO// MCKINLEY,. C. AND HIHHELBERGER, F. , OXYGEN PLANT 
SAFETY PRINCIPLES, CHEMICAL ENGINEERING PROGRESS, MARCH 1957* P. 
11 2- N/ /ZIEGLER, W. T., THE VAPOR PRESSURES OP SOME HYDROCARBONS IN 
THE LIOUID AND SOLID STATE AT LOW EHPERATURES, U.S. DEPARTMENT OF 
COMMERCE, NATIONAL BUREAU OF STANDARDS, TECHNICAL NOTE HO. 4, MAT 
1959//LANG, N. A. (ED.), HANDBOOK OF CHEMISTRY, HANDBOOK 
PUBLISHERS, INCORPORATED, SANDUSKY, OHIO, 1952, P. 1 5H4//3AIL EY, 
B. N., VIGNALE, V. 0., ANL STERNER, C. J., STUDY OF LIQUID OXYGEN 
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CO NTA HI NATION, SUHM AST PROGRESS REPORT NO. 4, AIR PRODUCTS, 
INCORPORATED, CONTRACT NO. IP 33 (6 16) -67 30, AR DC, USAF, BD HARD S 
APB, CALI PORN IA, JOLT 1960, APPENDIX T //FEDERAL SPECIFICATION 
BB-0-925, OXYGEN, 99.5 PERCENT GAS AID LIQOID, SEPTEMBER 16, 1954, 
RET IS ED JUNE, 1957, PARAGRAPH 4.2.3 


-SOURCB INFORRATION- 

i COP PORATL SOURCE - 

AIR PRODUCTS, INC., ALLENTOWN, PA. 

REPORT NUMBER - 

AD- 253232 . ' 

SPONSOR - 

AIR FORCE FLIGHT TEST CENTER, ED HARDS AFB, CALIF. 

! CONTRACT NUMBER - 
| CONTRACT A ? 33 (6 1 6) - 6730 
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a£ ANALYTICAL AND SAMPLING TECHNIQUES 
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£ by 
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7/ ENT.W.L. 
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Vi 07/00/59 

■£ SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

L; U/Un restricted Ur. liaited Sua*ary Good/Excel. 


-ABSTRACT- 



VARIOOS INSTRUMENTS FOR AND METHODS, OF CONTAMINATION ANALYSIS ARE 
DESCRIBED. A METHOD 0? CONCENTRATING CONTAMINANTS FROM ADSORBENT 
REGENERATION GAS IS PRESENTED. A TOTAL HYDROCARBON ANALYZER THAT 
OXIDIZES HYDR0CAP80NS TO C0(2), WHICH IS THEN SENSED WITH AN 
INFRARED DETECTOR IS DESCRIBED'. A'- OS’ICK- METHOD OF SPOT CHECKING 
FOR ACETYLENE CONTAMINATION IN LOX IS DESCRIBED. A FAST, 
CO NT IN 00 H 3 FLOW METHOD FOP MEASURING- THE SURFACE AREA OP 
ADSORBENTS IS GIVEN AND AN APPARATUS FOR OBTAINING A 
REPRESENTATIVE GAS SAMPLE FROM A LIQUID STREAM IS REVIEWED. A 
DETONATION WHICH OCCURRED IN THE HEAT EXCHANGED OF A HYDROGEN 
LIQUEFACTION PLANT IS REVIEWED. IT WAS DETERMINED AFTER EXTENSIVE 
TESTS THAT N (2 ) 0 AND NOT C0(2) WAS THE MAJOR CONTAMINANT IN THE 
HEAT EXCHANGE! - . FURTHER EXPERIMENTAL TESTS- REVEALED THAT N(2)0 IS 
JUST AS GOOD AN OXIDANT AS OXYGEN AND WILL DETONATE WHEN MIXED 
WITH HYDFOGEN IN THE PROPER PPROPORTIONS. A SPECIAL CATALYST WAS 
USED TO CATALYTICALLY CONVERT THE N ( 2) 0 TO NITROGEN AND WATER IN A 
HYDROGEN' ATMOSPHERE AND AN INFRARED ANALYZER WAS USED TO DETECT 
N (2) 0 IMPURITIES. 


-PERTINENT F I GORES - 

FIG. 1 FLOW DIAGRAM, HYDROGEN PURIFICATION SYSTEM, PAGE 58//FIG.2 
FLOW DIAGRAM, SAMPLING PROCEDURE, PAGE 59//FIG. 3 FLOW DIAGRAM, 
CONTAMINANT CONCENTRATION APPARATUS, PAGE 59//PIG.4 TYPICAL 
NITROUS OXIDE CONTENT MONITORING CHART FROM INFRARED ANALYZER, 
PAGE 60 //FI 1.5 FLOW DIAGRAM, CONTINUOUS FLOW 

3BUNAUER-EHMETT-TELLER APPARATUS, PAGE 62//PIG.6 FLOW DIAGRAM, 
PORTABLE HYDROCARBON AN ALYZEP, PAGE 63 
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-ABSTRACT- 

ADSORBENTS ARE NO LONGER USED FOR DRYING APPLICATIONS OYLY, BUT 
ARE NOW USED EXTENSIVELY I OR SELECTIVELY REMOVING CONTAMINANTS 
SUCH AS CO (2), NITROGEN COMPOUNDS, AND HYDROCARBONS FROM GAS 
PROCESS STREAMS. THE ADSORPTION CHARACTERISTICS AND CAPACITIES OF 
SEVERAL ALUMINA COMPOUNDS ARE DISCUSSED /' SI LICA GEL IS 50RMALLY 
USED TC ADSORB HYDROCAREONS FROM CRUDE LOX STREAMS. THE 
ADSORPTION CAPACITY OF SILICA GEL FOR SOME OF THE LIGHTER 
HYDROCAREONS AT 90 K IS GIVEN. THE DESORPTION CHARACTERISTICS OF 
THE LIGHTEP HYDROCARBONS FROM SILICA GEL ADSORBERS AT VARIOUS 
TEMPERATURES APE DISCUSSED. THE OPERATING PRINCIPLES OF OPEN AND 
CLOSED DRIER REACTIVATION CYCLES ARE DISCUSSED. MANY ASPECTS OF 
MATER AND HYDROCARBON . ADSORPTION AND DESORPTION ARE DISCUSSED AT 


THE END OF THE ARTICLE. QUESTIONS CONCERNING THE /AISOBPr ION 
CHARACTERISTICS OF THE VARIOUS. ADSORBENTS, -REACTIVATION 
TEMPERATURES, DEW POINTS FROM DRYERS, ADSORBENT REACTIVATION 
TIMES, OIL CONT / MIN AT ION, AND ADSORBENT DETERIORATION ARE 
ANSWERED. * 


; * V ' 

, i 

-PERTINENT FIGURES- . . 

FIG . 1 DIAGRAM OF AIR SEPARATION CYCLE, PAGE T21//FIG. 2 
MOISTURE-HOLDING COMPARISON CUBYES FOP F- 1 AND H-151 A L OH HA , PAGE 
122//FIG. 3 DPEN DRIER REACTIVATION CYCLE, PAGE 122//FIG.» CLOSED 
DRIER REACTIVATION CYCLE, PAGE 123//FLG.5 ADSORPTIVE CAPACITIES, 
PAGE 12U//FIG.6 HYDROCARBON CONTENT OF. ADSORBER REACTIVATION GAS, 
PAGE 12“ ! 
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LIQUID OXYGEN, PRESENTED AT LOW- TEMPERATURE PROCESSING SYjJPOS 10 H, 
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ANALYSIS OF HYDROCARBON IJJPURI TI2S IN OXYGEN PLAN? STREAMS 
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-ABSTRACT-: 

HYDROCARBONS IN GENERAL, AND ACETYLENE IN PARTICULAR, PRESENT A 
VERY SPECIAL HAZARD WHEN PRESENT AS IMPURITIES AT THE 

PAPTS-PF.P -HILL ION LEVEL IN LIQUID OXYGEN: PLANT- 'STREAMS. • POP THIS 
REASON SOME TYP2 OF AUTOMATIC, CONTINUOUS PROCESS IN STR UMEN TA TION 
IS DESIPED WHICH SERVES AS A HYDROCARBON MONITOR. ACETYLENE 
ANALYSIS HAS BEEN ASSIGNED THE HIGHEST PRIORITY IN THIS APTICLE 
WHILE THE MONITORING OF OTHER LIGHT HYDROCARBONS IS OF INTEREST 
PROVIDED THEY ARE READILY DETECTABLE. TWO INSTRUMENT TYPES, 
PROCESS INFRARED AND PROCESS GAS CHROMATOGRAPHY WITH A HIGH 
SENSITIVITY DETECT OR, APPEARED ADEQUATE FOR SUCH AN ANALYSIS. AT 
THE TIME ACTIVE STUDY BEGAN ON THIS APPLICATION CONS I DERABLE ’ W ORK 
HAD BEEN DONE BY VARIOUS INSTRUMENT COMPANIES IN UPGRADING PROCESS 
INFRARED ANALYZERS TO SUCH A DEGREE THAT THE DESIRED RELIABILITY 
AND ACETYLENE DETECTION LIMIT COULD 3E OBTAINED. WITH ALL THE WORK 
THAT HAD BEEN JONS, THE BEST OBTAINABLE INFRARED ANALYZER WAS 
CONSIDERED MARGINAL iT BEST FOP THE PROPOSED APPLICATION. PROCESS 
CHROMATOGRAPHY WITH A HIGH SENSITIVITY TYPE IONIZATION DETECTOR 
WAS JUST BECOMING AVAILABLE AS THE STUDY BEGAN. DETECTORS OF THIS 
TYPE WERE PERFORMING QUITE SATISFACTORILY IN LABORATORY TYPE 
Ed ROHATOGPAPHS BUT' ON AT T ENDED CONTINUOUS PROCESS TYPE INSTRUMENT 
APPLICATIONS WJPE" BOTH QUITE NEW AND FEW IN NUMBER. HOWEVER, 
INCREASE! SENSITIVITY AN L TEE ABILITY TO MONITOR MORE THAN A 
SINGLE COMPONENT WERE TWO FACTORS FAVORING CH POMATOGRAPHY OVER 
INFRARED ANALYSIS.MlHEN A COMMERCIAL PROCESS CHROMATOGRAPH WITH A 
HYDROGEN FLAME DETECTOR BECAME AVAILABLE ON A CONSIGNMENT BASIS 
THE DECISION TO USE CHRCM ATOGR APHY, AS OPPOSED TO INFRARED, WAS 
MADE. • ' 


-PERTINENT FIGURES- 

r.13.1 COLUMN COMFIjGU FAT ION FOR SEPARATING DESIRED COUPON E NTS , PAGE 
3-3 //FIG. 2 SECTION OF RECORDER CHART WITH SEVERAL COMPLETE ANALYSES 
SHOWN, PAGE 33// FIG. 3 FRESH AIR FEED SAMPLE SYSTEM, PAGE 
34//PIG.U VAPORIZER DEVELOPED FOR SYSTEM ELIMINATED SAMPLING 
PROBLEMS, PAGE 35//FIG.5 OVER-ALL LIQUID OXYGEN SAMPLE SYSTEM, 
PAGE 35 • 
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-ABSTRACT- 

THL5 REPORT CONCERNS AN INFRARED METHOD FOR SPDT SAMPLE ANALYSIS 
OF LIQUID OXYGEN FOR NITROUS OXIDE, CARBON--- .-Dr?*IBS- . AND-. SOME 
HYDROCARBONS. THE METHOD HAS DEVELOPED TO IDENTIFY AND MEASURE 
CONTAMINANTS ENTERING AND CONCENTRATING IN AIR SEPARATION PLANTS, 
IT PROVIDED CLUES WHICH LED TO THE ASSIGNMENT 0? CAUSE OF A 
3EBOILSR EXPLOSION DUS TO THE DEPOSITION 0? CO-CRYSTALS OF NITROUS 
OXIDE AND ACETYLENE IN LIQUID OXYGEN. 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

MONSANTO CO., TEXAS CITY, TEX. 

JOURNAL PROCEEDINGS - - 

SAFETY IN AIR AND AMMONIA PLANTS, VOL 9, 6-9 ( PRCC. OF THE 

1 1 TH ANNUAL SYNF, 1966) 
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AMERICAN INSTITUTE OF CHEMICAL ENGINEERS, N.Y, 

OTHER INFORMATION - - i 

0004 PAGES, 0005 FIGURES, 0001 TABLES, 0000 REFERENCES 


FE PORT CLASS ENTRY EVAL. 

Incremental Good/Excel. 


1 


keys 5555 through 4558 

EVALUATION 0? LIQUID OXYGEN S AH PL EH (TT0-131/BJ 

t>Y 

- HCNAHAR A,V.D. 

12/00/65 

SECURITY C LA S > ' ACCESS LEVEL i EPOP-T CLASS ..ENTRY EVA L. 

C/ Con t i'l en t id 1 Gcv t . /C cnrr. • Snmna r v Poir 


-ABSTRrCT- 

(UNCLASSIFIED) A PEPOHT CF CCHPA RISOH TESTS 'BETWEEN 0. S. AIR ' FORCE 
CRYOGENIC SAMPLERS AP HDD 4 AND TTU 131/E. NINE CDNCUHREN? SAMPLES 
HERE TAKEN WITH EACH SAMPLER. IT WAS FOUND THAT THE TT(1 131/E WAS 
A SUPERIOR SAMPLER AND SHOULD BE ADOPTED BY THE CANADIAN AIR FORCE 
PROVIDED CERTAIN CHANGES ARE HADE IN THE EQUIPMENT AND 
INSTRUCTIONS. 


-PERTINENT FIGURES- 

FIG. 6-1 CRYOGENIC SAMPLER, TYPE TTU 131/E, EXPLODED VIEW//FJG.5 
LIQUID BATCH SAMPLER ASSEMBLY, MODEL 4, EXPLODED VISW//TAB. 1 
COMPARISON Or SAMPLER HANDLING CH AF ACT ER ISTICS//TA B . 2 DISTRIBUTION 
Or SAMPLES I>Y LUCA T ION //TA B . 3 RESUME OF LIQUID OXYGEN SAMPLING 
USING TTU 131/E SAMPLER 
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-ABSTRACT- 

FOREIGN NATERI ALS IN LIQUID OXYGEN NORMALLY CONE PROM THE 
ATMOSPHERE AND PROM THE PRODUCTION PROCESS WHERE IT IS NOT 
ECONOMICALLY FEASIBLE TO COHPLETELY RENOVE THEN. THIS ARTICLE SKIS 
FORTH THE COMPOSITION OF COMMERCIAL LIQU It> OSTGES'- - AND DESCBIBE S 
METHODS OF PURIFICATION AND ANALYSIS. 


-PERTINENT FIGDFES- 

NUH LIMITS OF CONTAMINANTS FOR BREATHING OXYGEN LIQUID 
E PKO ° ELLA N - " OXYGEN, PAGE 546 
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-ABSTRACT- 

PSOCEDUR ES ARE SET FORTH POR DETERMINING LIQUID OXYGEN (LOX), 
CONTAMINATION IN THE JUPITER MISSILE WEAPONS SYSTEM. INSTRUCTIONS 
ARE ESTABLISHED FOR THE QUALITY CONTROL OP LIQUID OXYGEN USED AS A 
PROPELLANT IN THE SM70 MISSILE. 


-SOURCE INFORMATION- 

'• CORPORATE SOURCE - 

CRYSLEP CORE’., DETROIT, MICH. 

REPORT NUMBER - ] 
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-ABSTRACT- 


MEANS Of DETECTION AND 00 ANT IT AT ION OF CONTAMINANTS IN CLOSED 
ECOLOGICAL SYSTEMS ARE DISCUSSED. ATMOSPHERIC CONTAMINANTS HAVE 
3EEN IDENTIFIED, QUANTITATED, AND SUSPECTED PROM STUDIES CONDUCTED 
ON NUCLEAR SUBMARINES, SPACECRAFT AND SIMULATORS.'--*? THE GSAP 
SCHOOL OF A EROSPACZ MEDICINE, TECHNIQUES HAVE BEEN DEVELOPED FOR 
SAMPLING AND GROSSLY IDENTIFYING CONTAMINANTS THAT TEND TO OCCUR 
IN SIMULATORS. THIS INCLUDES SAMPLES OBTAINED NOT ONLY DURING 
NORMAL CONDITIONS, BUT ALSO DURING ABNORMAL CONDITIONS AS 
CHARACTERIZED BY A FIRE DURING ONE OF THE EXPERIMENTS. 
EXPERIMENTAL DATA ARF REPORTED. CONTAMINANT LEVELS ALSO HAVE BEEN 
EXPLORED IN OTHER GROUND-BASED SIMULATORS. FOR EXAMPLE,' ONE 
EXPERIMENT CONDUCTED' AT BOEING WAS TERMINATED DUE TO EXCESS 
CONTAMINANT LEVELS WHICH PRODUCE PHYSIOLOGICAL ABNORMALITIES. A 
COMPLETE KNOWLEDGE OF TEE CONTAMINANT PROBLEM IS, THEREFORE , 
IMPORTANT. TO DETEP MINE THE TC XICOLOGI C A L ASPECTS AND ESTABLISH 
THRSSHOLt LIMIT VALUES (TLV) FOR THE LONG-TERM CLOSED ECOLOGICAL 
SYSTEM, IT IS NECESSARY TO IDENTIFY AND QUANTITATE THE ATMOSPHERIC 
CONTAMINANTS WITHIN THE SYSTEM. TECHNIOUKS TO OBTAIN SAMPLES WITH 
SUFFICIENT CONCENTRATION OF CONTAMINANTS TO PERMIT ANALYSIS ARE 
INCLUDED. 
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TAB. 1 COMPOUNDS ISOLATED FROM A SEALED ATMOSPHERE DURING A FIRE, 
PAGE 255// TAB. 2 DISTRIBUTION OF COMPOUNDS JY TRAPPING CYLINDER 
TEMPERATURE, PAGE 256// TAB. 2 RESULTS OF PRELIMINARY EVALUATION, 
EFFICIENCY AND RECOVERY, PAGE 257// TAB. 4 ANIMAL EXPERIMENT 
CONTAMINANT AND CONC ENT RAT ICN AT GROUND LEVEL, PAGE 258//TAB.5 
ANIMAL EXPERIMENT CONTAMINANT AND CONCENTRATION AT REDUCED 
PRESSURE, PAGE 25S//FIG. 3 ISOLATION SYSTEM FOR MICRO-CONSTITUENTS 
IN A SEALED ATMOSPHERE, PAGE 261 
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-A3 ST3ACT- 

FOPCE AND A RECENTLY DEVELOPED 
MAS HADE. EVALUATION OF'- - THE--. 
OF EFFICIENCY, RELIABILITY, 


-PERTINENT FIGUPES- 

TAB. 1 TEST RESULTS OF SAMPLING PAGE 7//FIG.1 LIQUID OXYGEN 
SAMPLING WITH NAVY 3-276 SAMPLING SYSTEM PAGE 8//FIG. 2 SAMPLER 
PBEPAFED FOR SAMPLING FAGE 9//FIG.3 PICTORIAL SCHEMATIC OF 
CRYOGENK SAMPLEP PAGE 10//FIG.4 SAMPLE BOTTLE PAGE 11//FIG. 5 
EXTERNAL VIEW OF SAMPLER PAGE 12//FIG.6 BENDIX GU-137-AL SAMPLE? 
AND GH-138-AL CYLINDER PAGE 13//FIG.7 UNDERSIDE VIEW OF YJU-137-AL 
SAMPLER FAGE 14//FIG.R BENDIX GU-138-AL SAMPLER CYLINDER PAGE 15 


A COMPARATIVE ANALYSIS OF NAVY, AIR 
COMMERCIAL LIO'JID OXYGFN SAMPLER 
SAMPLERS WAS MADE ON THE BASIS 
CONVENIENCE, SAFETY AND COST. 


ENTRY EVAL. 
Acceptable 


-SOU RCE IN FOFN ATION- 

CORPORATE SOURCE - 

NAVAL AIR DEVELOPMENT CENTER, .10 HNSV ILLE, PA. 

REPORT NUMBER - 

NADC-MA-6956// AC-H70 165L 
OTHER INFORMATION - 

0015 PAGES, 0008 FIGURES, 0001 TABLES, 0000 REFERENCES 





15 3 ; 




keys 6685 through 6686 

I NROHOGENEITY OF OXYGEN SAMPLES IN THE COSMODYNE CS-4.4 

SAMPLER 

by 

VAN SOME BE N , H . 

BECK , H .C . 

03/00/68 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

U/Ot her “ Gcvt. /Ccntr. Suoaacy Acceptable 


-ABSTRACT- 

II WAS FOUND THAT THE DETERMINATION OF CONTAMINANTS tN~ LIQUID 
OXYGEN SAMPLES TAKEN WITH THE COSMODYNE CS-4.4 SAMPLER IN SOME 
INSTANCES GIVES I RREPRODUCIELE VALUES. THE EFFECT WAS FOUND TO BE 
DUE TO A FRACTIONATION PROCESS OF THE LIQUID OXYGEN SAMPLE IN THE 
SAMPLE CUP. AN EXPERIMENTAL CONFIRMATION COULD BE OBTAINED BY 
DH AWING THE SAMPLE FROM THE COSMODYNE THROUGH ONE OF,: THE SIDE 
TUBES. AN ESTIMATE OF THE 2PRORS IN THE RESULT OF THE ANALYSES WAS 
OBTAINED BY CALCULATIONS ON SOME HYPOTHETICAL CASES. 


-PERTINENT FIGURES- ' 

TAB . 1 ANALYSIS OP SAMPLES, TAKEN VIA DIFFERENT OUTLETS OF THE 
COSMODYNE, PAGE 3//TAB. 2 THE ANALYSIS OF SAMPLES TAKEN FROM THE 
COSMODYNE UNDER DIFFERENT CONDITIONS, PAGE 4 
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. -ABSTRACT- 
IVE SIMULTANEOUS PRODUCriON OP HIGH PURITY OXYGEN, NITROGEN, AND 
ARGON IS OFTEN REQUIRED FROM AIR SEPARATION PLANTS -TO 8S5JT- TtJDA-I.S. 
NEEDS OF THE MILITARY, SPACE, AND COMMERCIAL MARKETS. DETAILED 
PRODUCT SPECIFICATIONS AS DEVELOPED BY THE VARIOUS SEGMENTS OF TH 
INDUSTRY ARE PRESENTED TOGETHER HI TH ACTUAL PLANT PERPORHANC 
DATA. GAS CHROMATOGRAPHY IS USED TO MEASURE INDIVIDUAL COMPONBN 
IMPURITIES IN OXYGEN AND TO MONITOR HYDROCARBON CONTENT AT VARIC0S 
LOCATIONS WITHIN THE PLANT. 


-PERTINENT FIGURES- 
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IAE. 1 TYP ICAL HIGH 
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PURITY PRODUCT SPECIFICATIONS 
ANALYSIS PAGE 12 
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-ABSTRACT- 

REFINEMENTS TO THE GAS CHBOM ATOGBPHIC METHOD USED IN ' THE' ' 1 ’ ' • 
DETERMINATION OF POLLUTANTS IN AVIATION LIQUID OXYGEN ARE 
REPORTED. THE REFINEMENTS INVOLVE THE USE OF A COLUMN OF SQUALENE 
WITH A LENGTH OP 8 f AND A DIAMETER OF 6 TIMES 5 MM FOR ANALYZING 
ORGANIC POLLUTANTS. THE INNOVATION CONSISTS IN THE FACT THAT AN 
ANALYSIS MADE ON THIS COLUMN IS FOLLOWED BY ANOTHER ANALYSIS HADE 
ON ANOTHER COLUMN WHICH IS FILLED WITH FLORISIL AND HAS A LENGTH 
OF 30 CM AND A DIAMETER OF 6 TIMES 5 MM. THE AMOUNTS OF ACETYLENE 
AND ETHYLENE THAT CAN BE HET2RED ARE APPRECIABLY LESS THAN THOSE 
PERMITTED BY THE ACCEPTANCE SPECIFICATION. 
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00/00/67 


ACCESS LEVEL REPORT CLASS' ENTRY EVAL. 

Unlimited Incidental Acceotable 


-A3STRACT- 

DESCFIPTION OF A METHOD FOR METERING THE CARBON T ETPACHLORIDE AND 
TRICHLOROETHYLENE THAT "AY 3E PRESENT IN THE LIQUID OXYGEN OP 
ONBOARD RESPIRATORS BY M2ANS OF I R S PECT ROPH OTOMET P Y. THIS METHOD 
ALLOWS THE METERING OF THESE TWO COMPOUNDS TO MEET THE 
REQUIREMENTS 0? SP EC IFIC A TION "I L-O-272 1 0 -A , AS WELL AS THOSE OF 
THE ITALIAN AIR FORCE SPECIFICATION AM-M-537, 


SECURITY CLASS 
J/Un restricted 


-PERTINENT FIGURES- 

FIG. 1 SYSTEM FOP DIRECT INJECTION PAGE 694//PIG.2 SYSTEM FOR 
INJECTION IN OXYGEN FLOW IN A HEATED CHAMBER PAGE 695//PIG.3 
PARTICULARS OF THE CELL AN ALYZEP PAGE 695//PIG. 4 OXYGEN SPECTRUM 
WITH IMPURITIES PAGE 697//FIG.5 SAME AS FIG. 4 EXCEPT WITH CARBON 
TETRACHLORIDE AND TRICHLOFO ETHYLENE PAGE 699. 


-SOURCE IN FORM AT ION - 


CORPORATE SOURCE - ’ • 

AERONAUTICA MI LIT ARE, LA'BOF ATOR I, ROHE, ITALY. 

JOURNAL PROCEEDINGS - 

PIV. MED. AERON. SPAZIALE, VOL 30 , 6 9 3- 7 0 3 (DEC 1967). 
OTHER INFORMATION - 

0011 PAGES, 0007 FIGURES, OOOP TABLES, 0000 REFERENCES 
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nays 9109 through 9110 

THE DETERMINATION OF TRACE IMPURITIES IN LIQUID OXYGEN FOR 
BREATHING EY IHFRA-RED METHODS 


by 

CORBETT, J. K. 
10/00/67 


SECURITY CLASS ACCESS LEVEL 

U/Other Gcvt./Ccntr. 


REPORT CLASS ENTRY EVAL. 

Increaental Good/Excel. 


-ABSTPACT- 


A DOUBLE-BEAM INFRA-FED SPECTROPHOTOMETER 
ADDITION OF A PAIR OF 40 METRE LONG-PATH 
BX PAN SIC s ID MAKE POSSIBLE THE DETECTION 
DETERMINATION OF TRACES CE IMPURITIES IN 
BREATHING. THE EFFECTS OF PRESSURE BROADENING 
THE LONER LIMITS CF DETECTION ARE LISTED 
DETERMINED. THIS SPECTROPHOTOMETER PROVIDES AN 
METHOD FOR THE DETERMINATION OF THE TRACE IHPURITIES IN LIQUID 
OXYGEN FOP BREATHING TO AIR STANDARD 1U/9A. ONLY I,N? RAPED INACTIVE 
MOLECULES SUCH AS NITROGEN, HELIUM, ARGON, ETC., ARE INCAPABLE OF 
DETECTION BY THE METHOD DESCRIBED. ; 


HAS BEEN MODIFIED BY THE 
CELLS AND ORDINATE SCALE. 
AND QUANTITATIVE 
LIQUID OXYGEN FOR 
ARE CONSIDERED AND 
FDR THE IMPURITIES 
ACCURATE AND RAPID 


-PERTINENT FIGURES- 


K 


TAB . 1 S FECT POSCO PI C DATA FOR IMPURITIES, PAGE ,W/TAB. 2 PRESSURE 
BROADENING OF A CONSTANT PARTIAL PRESSURE 0 F. £ ETHYLENE, PAGE 
5//TAB.3 PRESSURE SENSITIVITY, PAGE 6//TAB.6 CALIBRATION DATA FOP 
GASES, PAGE 10'/TAfl.9 MINIMUM DETECTION LIM ITS, (PAGE 13//TAB.10 
CONCENTRATIONS OF IMPURITIES FOUND IN OXYGEN, PAGE -14 


-BIBLIOGRAPH Y- 


J. K. CORBETT, INFRA-RED TRACE GAS ANALYSIS. PAPEB DELIVERED AT 
THE CHEMICAL INSPECTORATE, A. D. CONFERENCE, OCTOBER, 1965 


-SOURCE INFORMATION- 

■ * • *! ' 

CORPORATE SOURCE - 4 

CHEMICAL INSPECTORATE, LONDON, ENGLAND'. • <' ,/ 

REPORT NUMBER - A f 

RPE-TH-4J7//AD-626520 ■ 

OTHER INFORMATION - • ~‘>J 

0019 PAGES, 0003 FIGURES, 00 11 TABLES, 002Cy'f? EFER ENCES 
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keys 9210 through 9213 

AVIATORS BREATHING OXYGEN FROM AIRCRAFT CONVERTERS, 

EV ALU AT ION OF 


-ABSTRACT- 

TWO SAMPLES 0? AVIATORS BREATHING OXYGEN WEPE ANALYZED FOLLOWING 
-AN ACCIDENT IN WHICH A PILOT WAS KILLED. THE LIQUID OXYGEN HAD 
BEEN OBTAINED PROM THE AIRCRAFT CARRIER USS PENNINGTON. THE 
SAMPLES .WERE TAKEN FROM LOX CONVERTERS OF AIRCRAFT WHICH HAD 
OBTAINED LOX FROM THE BENNINGTON AT THE SAME TIME AS THE AIRCRAFT 
.INVOLVED IN THE FATAL CRASH. THE SAMPLES CONTAINED CONTAMINANTS 
FAR IN' EXCESS 0? THE SAX I MU- MS ALLOWED UNDER SPECIFICATIONS. PILOT 
COMPLAINTS OF BAD ODORS, HEADACHES, NAUSEA, AND LOSS OF 

COORDINATION WERE ATTRIBUTED TO THE OXYGEN SUPPLY. IT IS SUGGESTED 
THAT THE TOXIC EFFECTS OP THE CONTAMINANTS MIGHT BE ENHANCED WHEN 
BREATHING PURE OXYGEN. IN ADDITION, ONE SAMPLE CONTAINED ACETYLENE 
IN EXCESS OF ITS SOLUBILITY IN LOX, CONSTITUTING AN EXPLOSIVE - 
HAZARD. THE REPORT RECOMMENDS THAT MEANS OF MONITORING CONTAMINANT 
LEVELS IN LOX BE PROVIDED TO AIRCRAFT CARRIERS AND ALL LAND-BASED 
PLANTS WHICH DO NCT HAVE SUCH INSTRUMENTATION. A SUGGESTED 
INSTRUMENT IS A GAS CHROMATOGRAPH SUCH AS THE NHL TOTAL 
HYDROCARBON ANALYZER. 


-PERTINENT FIGURES- 

1*3. ANALYTICAL DATA FOR OXYGEN SAMPLES FROM AIRCRAFT CONVERTERS, 
PAGE 5 


-SOURCE INFORMATION- 

CORPORATE SOURCE - 

NAVAL RESEARCH LAB., WASHINGTON, D.C. 

REPORT NUMBER - 
6180-176 

OTHER INFORMATION - 

0006 PAGES, o o 0 1 FIG'JRFS, 0000 TABLES, 0004 REFERENCES 
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keys 9293 through 9294 


ANALYSIS OF TRACES OF CONTAMINANTS IN BREATHING OXYGEN WITH 
A HEL ItJN DETECTOP AND AN ELECTRON CAPTORS DETECTOR 

by 

CASTELLO,S : . 

00/00/71 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY ETAL. 

U/Onr estr icted Unlimited Increaental Good/Ercel. 

-ABSTRACT- 

A METHOL IS DESCRIBED WHICH ALLOWS THE DETERMINATION OF A FEB 
PARTS PEF BILLION OF IMPURITIES IN 3REATHING OXYGEN FOR PILOTS ABD 
FOR TH5PAPEUTIC PURPOSES. FIXED GASES AND CHLORINATED SOLVENTS ABE 
ANALYSED BY GAS CHROMATOGRAPHY AND DETECTED BITH A HELIUM DETECTOR 
AND AN ELECTRON CAPTURE DETECTOR, RESPECTIVELY. THE ANALYSIS TIKE 
IS ABOUT 15 MIN. THE PROPOSED METHOD IS SUFFICIENTLY SENSITIVE ABD 
RAPID FOR ROUTINE ANALYSIS OF CONTAMINANTS IN LIQUID OXYGEN TO BE 
USED FOP 3PEATHING PURPOSES. THE METHOD CAN BE APPLIED TO THE 
ANALYSIS OF AIR POLLUTANTS AND TO THE DETERMINATION OF THE PURITY 
Of GASES. 


-PERTINENT FIG DBS S- 

FIG.4 ANALYSIS ON FCRAPAK Q COLUMN, STANDARD MIXTUHE CO NT A I SI BG 
CH(4), K (2)0 , ETHANE, ETHYLENE, ACETYLENE AND PROPANE, PAGE 
1 2 1//FIG. 5 CALIBRATION CURVES OBTAINED WITH THE EXPONENTIAL 
DILUTION FLASK, PAGE 122// F IG. 6 ANALYSIS OF CHLORINATED COMPOUNDS 
ON AH API2Z0N L COLUMN WITH SCD, PAGE 123//TAB.2 MAXIMUM ALLOWED 
CONCENTRATION VALUES OF CONTAMINANTS IN BREATHING OXYGEN FOB 
PILOTS, PAGE 118//TA3.3 SENSITIVITY OF HELIUM DETECTOB FO 
CONTAMINANTS, PAGE 123//TAE.5 PRACTICAL LIMIT OF DETECTION AT 
MAXIMUM SENSITIVITY FOR 1 ML. OF SAMPLE AT ATMOSPHERIC PREoSOBE, 
PAGE 12H 


-I-IBLIOGRAPHY- 

K. NABERT AND G. SCHON, SICH E RHEI TSTECHNI SCH E HENZAHLEH BREEN BARER 
GASE UND DAM.PFE, 2ND ED., DEUTSC HE3 EICH VE R LAG G. M. B. H. , BEBLIS, 
1963// THRESHOLD LIMIT VALUES, 27TH ANN. MEETING AHER. CONF. 
GOVERNMENTAL HD. HYGIENISTS, HOUSTON, 196 5 //PRONTO ARID DELLE 
SOSTANZE CHI NICHE PERICOLOSE, E.N.P.I., ROMA, 

1968//U.S.A.-MIL- 0- 27210 A //NORMA AE RONAUTI CA MI LIT AR E-M-5 32 
(1964) //t. CIASETTI, G. PECCI AND G. SCUDEPI, RIV. MED. AEBOB. 
SP., 23 (1965) 26 
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wO F. POP ATE SDUSCS - 

GENOA UNIV. , ITALY. I u STITUTO DI CHIflICA INDUSTRIALS 
JOURNAL PROCEEDINGS - 

J. CHPOHATjGP. VOL 5d, NO. 1, 117-25 (1971) 

OTHER INFORMATION - i 
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keys 9610 through 9613 


CO NT AMINAT ION SENSORS 
b ? 

ANTHONY.H. V. 

CREN , J . G. 

LA R UE , E . P . 

HCDON AL 0, J . P . 
PICCONE.H. 

0 9 / 12/6 7 


SEC03ITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EV AL. 

U/Unr estr ict ed Unlimited. Incremental Acceptable 


-ABSTRACT- 

T HIS PAPEF PRESENTS THE RESULTS OF A NASA-SPONSORED STUDY, 
COMPLETED IN APRIL 1966, INTENDED TO PROVIDE A BASIS FOR POSSIBLE 
EVENTUAL USE OF AUTOMATIC CONT AH IN AT ION SENSORS AND MONITORS 
CAPABLE OF BEING INSTALLED IN A FLUID SYSTEM, AND OF REMOTELY 
INDICATING PARTI CLE-CONTAMIN AT ION COUNT, AMOUNT OF MOISTURE 
PhESENT, PUFITY OF THE FLUID, OR SOME COMBINATION OF TH2SE. SOME 
|-NFORMATICN CONCERNING MECHANICAL SAMPLING IS ALSO INCLUDED. 


SOURCE INFORMATION 


CORPORATE SOURCE - 

MARTIN MARIETTA COPP. , DENVER, COLO. 

EXPORT NUMBER - 
. N6B-2932B 

JOURNAL PROCEEDINGS - 

CUPFENT AND ADVANCED CONCEPTS IN INSTRUMENTATION AND 
AUTOMATION, AEC/NASA CONTAMINATION CONTROL SYNP. , PROC. , 
>' U5-62, ALBUOUERCUE, N. MEX., SEP 12-4, 1967 

OTHER INFORMATION - 

COlb PAGES, 0012 FIGURES, 0000 TABLES, 0003 REFERENCE: 



keys 1P234 throuqh 10235 


A STUDY OF TRACE IMPURITIES IN AVIATORS FREATHING OXYGEN 

b Y 


ENTRY EVAL. 
A cceptab le 


-ABSTRACT- 

A STUDY OF AVIATOPS BPSATHING OXYGEN FROM PRESSURE AND LIQUID 
APPARATUS HAS 3EEN CARRIED OUT TO DETERMINE THE IMPURITIES THAT 
ARE RESPONSIBLE FOR NAUSEA AND ANOXIATION REPORTED BY SOME PILOTS. 
AN ANALYTICAL . -'.METHOD OSING GAS CHPOHATOGR APHY AND HASS 
SPECTROMETRY HAS A EEEN USED TO DETERMINE THE IDENTITY AND 
CONCENTRATION 0? -THE CONTAMINANTS IN THE BREATHING OXYGEN. A 
POSSIBLE MECHANISM WHEREBY THESE CONTAMINANTS AFFECT THE PILOTS 
HAS BEEN PROPOSED AND RECOMMENDATIONS TO PURIFY THE BREATHING 
OXYGEN HAVE BEEN MADE. THE REPORT CONCLUDES WITH A NUMBER OF 
RECOMMENDATIONS "OSTLY CENTERING AROUND PURGING OF THE STORAGE 
TANKS, TRANSFER CARTS AND MOST ESPECIALLY THE CONVERTER TANKS IN 
THE AIRCRAFT. THE USE OF ABSORBENTS IN THE LOW PRESSURE FEED 
LINES IN THE AIRCRAFT IS ALSO RECOMMENDED. 


-PERTINENT FIGHPES- 

FIG. 2 RUN NO. 531 LIOUID OXYGEN FROM CONVERTER, PAGE 13//FIG.3 RUN 
NO. 503 STORAGE TANK NO. 1, PAGE 14//FIG.4 RUN NO. 504 GAS FROM 
CONVERTER, PAGE 15// FIG. 7 RUN NO. 507 NEWLY REFILLED STORAGE 
TANK, PAGE 18//FIG.8 RUN NO. 508 OXYGEN LI OUEFIED FROM CYLINDER, 
PAGE 1 9 //TAB. 1 ANALYSIS OF OXYGEN SAMPLES, PAGES 24-26 
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SECURITY CLASS 
U/Unrestr icte-i 


■ ACCESS 
NT IS 


DR EW , C. fl . 

S CHOW FN, P.L. 
SMITH, S.R. 

02 / 03/58 


LEVEL REPORT CLASS 

In crenent al 


-BIBLIOGPAPHT- 

DREW, CHARLES M . , JAMES R. MCNE S3 Y, S. RUVF.N SMITH AND ALVIN S. 
GORDON. APPLICATION OF VAPOR PHASE CHROMATOGRAPHY TO HASS 
SPECTROMETER ANALYSIS, ANAL CHEM, VOL. 28, (1956) P 979//DHEW, 

CHARLES M., nND JAMES P. MCNESBY. SOME PROBLEMS ENCOUNTERED IN 
THE APPLICATION OF VAPOUR PHASE CHROMATOGRAPHY TO KINETIC STUDIES. 
VAPOP PHASE CHROMATOGRAPHY SYMPOSIUM BFITISH INST. PET., LONDON. 
MAY-JUNF 1956. BUtTEPVORTHS SCI. PUB. 1957// EGGLFTCDN, F. T . , U. 
3. KNIGHT AND SIG"RC GPOENNINGS. GAS CHROMATOGRAPHY, USE OF LIQUID 
MODIFIED SOLID YDS OF BE NT TO RESOLVE C{5) AND C (6) SATURATES, ANAL 
CHEM, VDl. 28 { T9 5 6 ) , P. 303//KOB A YASHI , YOSHITAKA, ANDTETSUGO 
KATAGAWA, •( YOK AH AM A NATL UNIV.), RAPID METHOD FOR THE 
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OfcTERHI NATION OF LOW CONCENTRATIONS OF NO (2) IN LIQUID OXTGEN IN 
AIR SEPARATION, J CHEN SOC JAP, IND. CHEN. SECT., VOL. 58, (1955), 
PP. 651- 6 54//FA IS HS LL , LAWRENCE T., INDUSTRIAL TOIICOLOGT, 2ND 
EDITION. THE WILLIAMS AND WILKINS CO., ( 1957) //SAX, IRVING N., 
HANDBOOK OF DAN jEROUS NATERIALS, REINHOLD PUBLISHING CORP. , (1951? 


-SOURCE INFOP NATION- 
'S 

CORPORATE SOURCE - 

NAVAL ORDNANCE TEST STATION , CHI NA LAKE, CALIF. RESEARCH 
DEPT. 

REPORT NflfEER - 

NAVOBD-R-5H09//NOT5 -1B87 ,, 

Or HEP INFORMATION - 

0026 PAGES, 0012 FIGURES, 000 1 TABLES, 0006 REFERENCES 
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keys 10334 thtouqh 10305 
AVOID MISLEADING ANALYSES 
by 

EALI., U. L. 

00/00/69 -•* . 


ACCESS LEVEL REPORT CLASS v ENTRY EVAL. 

Onliaited Incremental Acceptable 


ABSTRACT- 

AIR PRODUCTS DISCOVERED THAT LIQUID OXYGEN TESTED FOR PRESENCE OF 
ACETTLENE BY THE ILLOSVE Y SOLUTION SHOWED NO ACETYLENE, WHILE IN 
REALITY IT CONTAINED 1 TO 1.5 PPM ACETYLENE. CONCURRENT WITH THIS 
TEE SAMPLES SHOWED THE PRESENCE Of CARBON DIOXIDE IN EXCESS OF ITS 
SOLUBILITY LIMIT. IT WAS POSTULATED THAT THE ACETYLENE WAS 
ABSORBED BY THE SOLID CARBON DIOXIDE. PROOF OF THE LATTER HAS NOT 
BEEN FOUND BUT ONE CAN STATE THAT THE PRESENCE OF EXCESS CARBON 
DIOXIDE SOMEHOW MASKS THE PRESENCE OF ACETYLENE. 


-SOUPCE IN FORMATION - 

CORPORA’’’! SOURCE - 

AIR PRODUCTS AND CHEMICAL, INC., ALLENTOWN, PA. 

JOURNAL PROCEEDINGS - 

SAFETY IN AIR AND AMMONIA PLANTS VOL 11, 50 ( 1969) (PRES. AT 
AIR AND AMMONIA PLANT SAfET.Y SYMP. , MONTREAL, CANADA, 1968) 
PUBLISHEF - 

AMERICAN INST. 0? CHEMICAL ENGINEERS, N. Y. 

OTHER INFORMATION - 

0001 PAGES, n CC0 FIGURES, 0000 TABLES, 0000 REFERENCES 


SECURITY CLASS 
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keys 11591 throaqh 11592 

CONTAMINANT DE TEC TOR FOP AVIATOFS BREATHING OXIGEH 

by 

HILLER, R.L. 

ROBINSON, C .E. 

JK ELS , K . G. 

• 05/00/72 


5 ECO R IT Y CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestricted Unlimited., Soaaary Acceptable 


-ABSTRACT-- 

THIS Pi! PER IS CONCERNED WITH FINDING A PORTABLE OXYGEN ANALYZER 
WHICH WILL PERMIT THE DETECTION OF CONTAHI3ANTS AT OR BELOW 
ALLOWABLE LEVELS. THIS IS NEEDED TO INVESTIGATE PHYSIOLOGICAL 
INCIDENTS INVOLVING AIRCRAFT CREWS WHERE COHTAH IN ATION OF THE 
BHEATHING OXYGEN SUPPLY IS SUSPECTED. THE ANALYSES ARE CO RRENTLY 
DONE AT REGIONAL LABORATORIES WHERE TINE DELAYS AND SAMPLING 
TECHNIQUES HAHPER INVESTIGATIONS. DISCUSSION OF THE ANALYTICAL 
REQUIREMENTS AND DEVELOPMENT Or All AVIATORS BREATHING OXYGEN 
ANALYZER AND CONTAMINANT DETECTOR. TWO APPROACHES CURRENTLY UNDER 
DEVELOPMENT APE DESCRIEED. ONE APPROACH IS BASED OS GAS 
CHROMATOGRAPHY AND THE OTHER ON THE USE OF A COMMERCIALLY 
DEVELOPED PORTABLE INFRARED ANALYZER. THE AUTHORS PROPOSE A SIX 
MONTHS TEST 0? THE TWO INSTRUMENTS TO MAKE A DECISIOH REGARDING 
THE BEST APPROACH. 


-PERTINENT FIGUPES- 

TAB. 1 ALLOWABLE CONSTITUENTS IN AVIATORS BR. /-MING OXYGEN, PAGE 7 


-BIBLIOGRAPHY- 

CASTELLO, G., ANALYSIS 0? TRACES OF CONTAMINANTS IN BREATHING 
OXYGEN WITH A HELIUM DETECTOR ANE AN ELECTRON CAPTURE DET2CT0R, J. 
CHROMATOGRAPHY 5B, 117-125 (19711 


-SOURCE INFOPMATTON- 

CORPOPATE SOURCE - 

SCHOOL D ? A-POSFACE "EDICINE, BROOKS APB, TEX. 

REPORT NUMBER - 
A7 2- 28253 

JOURNAL PROCEEDINGS - 

AEROSPACE MEDICAL ASSOC. ANNUAL SCIENTIFIC M2ETING, 43RD, BAL 
HARBOUR, FLA., MAY 8-11, 1972 
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keys 15631 through 15633 

THE DETERMINATION OF HY t ROC AR BON TRACES IN ATMOSPHERIC AIR 

AND LIQUID OXYGEN 

b Y - 

’ . THEER, J. 

02/2 7/6 3 


SECURITY CLASS ACCESS LEVEL REPORT CLASS ENTRY EVAL. 

U/Unrestrirted NTIS v Sumary Good/Excel. 

- ASS TRACT - 

FOR A LONG TIME A RAPID METHOD OF DETERMINING TRACES OF 
HYDROCARBONS IN THE AIR SUCKED INTO AND THE LIQUID OXYGEN PRODUCT 
OF AIR SEPARATION PLANTS HAS BEEN SOUGHT. THIS IS NEEDED TO AVOID 
DANGERS OF EXPLOSIONS DUE TO THE ACCUMULATION OP HYDROCARBONS 
ESPECIALLY ACETYLENE. THIS PAPER DESCRIBES A GAS CHROMATOGRAPH 
WITH A M ICP 0 FLAM E IONIZATION DETECTOR. A 10 ML SAMPLE CAN BE 
PROCESSEL IN 5 MINUTES WITH A SENSITIVITY OF 5 PARTS PER MILLION 
AND IN 15 MINUTES A SENSITIVITY OF 10 PARTS PEP BILLION CAN 5£ 
ACHIEVED. THE SA.MFLSR AND INSTPUMFNT HAVE BEEN TESTED IS 

CONTINUOUS OPERATION. 


-PERTINENT FIGUPES- 

IAB.P.6 HYDROCARBON CONTENT OF ATMOSPHERIC AIR FROM VARIOUS 
REGIONS OF GERMAN DEMOCRATIC REPUBL IC//FIG. 3 HYDROCARBON 
CHROMATOGRAM FOP LIQUID OXYGEN, PAGE 7//FIG.U CONCENTRATION 
APPARATUS FOR HYDROCARBON^ FROM ATMOSPHERIC AIR, PAGE S//FIG.5 
HYDROCARBON CHROMATOGRAM FOR ATMOSPHERIC AIR, PAGE 7 


-HID LI OG RA PH Y- 

SCHUSTSF. GASFOSMIGE ERENNSTOFFE, VOL 2//HOLZHAU5ER, H. , 
GaSCHFOMATOGR APHIS 1959, MATERIAL ZUN 2. SYMPOSIUM UBER 
GASCHFOM ATOGfi APHIS IN BOHLSN 1959, P. 1 43//I1 ABLSY , J. , NATURE 1B1, 
17B (1958)//KArSSR, R. , G AS CHPU.N AT OGP A PHIS LEIPZIG I960, P. 

97//DESTY, D. H., G A SC HR OM A TOG P A Pil IC , LONDON 1958, P. 142// 
FRE NZE’L , J. , GASCHPCHATOGFAPHIS 1959, MATERIAL ZUM 2, SYMPOSIUM 
UbER GASCHFOM ATOGRAPHIF IN 30HLFN 1 959, P. 109 


-SOURCE INFORMATION- 

CORPORATE SOUF.C5 - 

INSTITUTE FOP CHEMICAL AND °FF FIGS RATI NG EQUIPMENT, DRESDEN, 
EAST GERMANY 
REPORT NUMBER * 


1 6 1) 


N6 4-22627//FT0-TT- 6 2- 166 6//AJ-40138 9 
JOURNAL FROCS2DI NC?S - 

CHEM. TECH. (LEIPZIG), NO. 3, 164-7 ( 196 2) (TRANSL. RY 

FOREIGN TECHNOLOGY DIV., WE IGH T- PATTE RSON AFB, OHIO) 

OTHER' INFORMATION - 
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keys 1 864 3 throuah 18644 
AN ALYT IC AL METHODS POR LIQUID OX Y <'FN 
bY 

SMITH, C.P. 

00/00/60 


SECURITY CLASS ACCESS LEVEL 

U/Unrestrictert Unlimited 


-ABSTRACT- 

LIQUID OXYGEN ANALYSES ARE CUSTOMARILY HADE FOR PROCESS CONTROL, 
PRODUCT PURITY AND TO AVOID HAZARDS. USUALLY ANALYTICAL 

INFORMATION REQUIRED FOR PROCESS CONTROL IS NOT EXTENSIVE. USE OF 
MODIFIED ORSAT APPARATUS POE MANUAL DETERMINATION OF THE OXYGEN 
CONTENTS OF VARIOUS LIQUID SAMPLES IS ROUTINE IN HOST PLANTS. IN 
ADDITION TO THE ABOVE GENERAL METHOD THE AUTHOR REVIEWS METHODS 
FOR DETERMINING OTHER IMPURITIES SUCH AS CARBON DIOXIDE (INFRARED 
TECHNIQUES), ACETYLENE (ILLOSVAY METHOD), HYDROCARBONS (CHEMICAL 
METHODS), SOLID MATTER (FILTERS) AND HATER. THE AUTHOR 

SPECIFICALLY DISCUSSES ORGANIC TRACE CONTAMINANTS IN BREATHING 
OXYGEN SUPPLIES POP AIRCRAFT. 


-SOURCE IN FORM ATION- 

COSPOPATE SOURCE - 

UNION CARBIDE CCRP. , T C NAH AN DA, N.Y. 

JOURNAL PROCEEDINGS - 

ADVAN. CPYOG. ENG. VOL 4, 436-42 ' I960) (PROC. OF CRYOGENIC 
ENGINEERING CONF., 4TH , CAMBRIDGE, MASS., SEP 3-5, 1958. 

PAPER G-4) 

PUBLISHER - 

PLENUM PRESS, INC., N EH YORK 
01 HER INFORMATION - 

0007 PAGES, 0004 FIGURES, 0000 TABLES, 0000 REFERENCES 
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keys 155 through 162 


PRODUCTION CCNTSOL CF LIQUID OXYGEN AT COIR ERCIAL 

FACILI TIES 

r h ? 

SMITH',C. P. 

11/00/64 


SECURITY .CLASS ACCESS LEVFL FE PORT CLASS , ENTRY EV AL. 

U/.Uarestricted Unlimited Suraaary Acceptable 


- // -ABSTRACT- 

TH IS IS A SHORT SURRAS Y PAPER CONCERNING PRODUCTION CONTROL IN 
CORSE RCI AL AIR SEPARATION PLANTS. INCLUDED ARE SECTIONS ON HAZARD 
CONTROL, PRODUCTION CONTROL FOR EFFICIENCY, PRODUCTION CONTROL FOR 
QUALITY, PRODUCT HANDLING AND PRODUCT ANALYSIS. 


-BIBLIOGRAPHY- 

SAFETY IN AIR AND AHSONIA PLANTS, VOLUHES 1 THROUGH 5, PUBLISHED 
BY THE AHERICAN INSTITUTE OP, CHEMICAL ENGINEERS AT 345 EAST 4 7TH 
STREET, NEW YORK 17, NEW YORK 


-SOURCE INFORSATI ON- 

CORPORATE SOURCE - 
LINDE CO. 

JOURNAL PROCEEDINGS - 

J ■" LIQUID MISSILE PFOPELLANTS SYMP. , 2ND, HERSHEY, PA. , NOV 3-5, 
1964 

OTHER INFORMATION - 
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